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GENERAL INTRODUCTION
In mammalian species, control of the thyroid gland is
exercised predominantly by thyrotropin or the thyroid-stimulating
hormone( TSH)( Purves, 1964) Various phases of synthesis
and release of thyroid hormone are facilitated by TSH( Tong,
1974). Secretion of TSH is,m mers rertcorata ,in turn, regulated by the negative
feedback of thyroxine in circulation, and the stimulatory effect
of a tri-peptide pygroglutamyl-histidyl-prolinamide the
thyrotropin-releasing hormone( TRH)--- released from the
hypothalamus via the hypophysial portal system to the pituitary
gland( Quillemin and Burgus, 1972 Reichlin, Martin, Mitnick,
Boshans, Grimm, Bollinger, Gordon and Malacara, 1972). However,
a similar regulatory mechanism of thyroid activity, involving
TRH TSH, has yet to be found in the non-mammalian vertebrates
( Ochi, Shiomi, Hatchiya, Yashionura and Miyazaki ,1972 Gorbman
and Hyder, 1973 Gona and Gona, 1974). In the absent of contrary
evidence, a regulatory role of TSH on the thyroid gland similar
to that in mammals,has been generally accepted( vide Gorbman,
1969 Lynn, 1970 Assenmacher, 1973; Licht, 1974 Holmes and
Ball, 1974).
The relationship between TSH and the. thyroid gland in
reptiles has received little attention and only fragmentary
information is available. The effect of injection of exogenous
mammalian TSH, or extract from reptilian pituitary, on thyroid
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m TSH* +1 +2 +3 ++4 +5 +++6
rPE* +++7
+ stimulatory effect on 131I uptake.
++ stimulatory effect on 131I uptake and on DlT synthesis.
+++ stimulatory effect on 131I uptake and on thyroxine synthesis.
--- No such studies have been reported.
1. Shellabarger, Gorbman, Schatzlein and McGill ( 1956 ).
2. Buckingham ( 1970 ).
3. Chiu and Philips ( 1971 ).
4. Thapliyal and Chandola ( 1973 ).
5. Nussbaum ( 1963 ).
6. Walker ( 1973 ).
7. Licht and Rosenberg ( 1969 ).
* rPE for reptilian pituitary extract.
mTSH for mammalian TSH
Among the avaiable information, Licht and Rosenberg ( 1969 )
reported that the reptilian gland-extracts promoted thyroxine
synthesis in the lizard Anolis. Walker ( 1973 ) announced that
the increase of T4 synthesis in another lizard, Sceloporus,
but not in the lizard Calotes ( Thapliyal and Chandola, 1973 );
3the possibility of seasonal or temperature varations cannot
be ruled out. These effects. of exogenous TSH on the reptilian
thyroid are long-term effects rather than a short-term actions
of the trophic hormone( Lynn, 1970 Licht, 1974). within
a short period of 12- 24-hours, neither hypophysectomy nor
injection of TSH had any apparent effect on radioiodine
release or uptake of radio-iodine (131I) by the Thyroid
gland (Shellabarger et al 1956 Waterman, 1961 Licht and
Rosenberg, 1569 Licht, 1974). By contrast, we have recently
shown an in vitro stimulatory effect of TSH on thyroid slices
from three reptilian species( Chiu, Wong, Let and Tam, 1975).
Data on radioiodine( 1251) metabolism, the nature of the
circulating hormones, and the secretion. of the thyroid it two
species of snake( Naja naja and Elaphe taeniura) also were
made available recently from this laboratory( Wong and Chiu,
1974;gong, Chiu and Wong, 1974).
The present study examines the response of the thyroid
gland of the striped racer snake, Elaphe taeniura, to treatments
with bovine TSH on a seasonal basis in view of the well known
cyclic changes of the gland( vide Lynn, 1970 Wong and Chiu,
1974). This study consists of 4 parts: (i) concerns the
seasonal variations of iodide content and iodoamino acid
distribution in the thyroid gland of the snake, (ii) deals
with the effect of bovine TSH on the hormonogenesis of the
thyroid gland (iii) concerns the release of thyroid hormones
4under administration of TSH using 125I- pre-labelled snake
thyroids; (iv) the effect of administration of goitrogens
e. g. thiourea,hypopilysectomy, and TSH replacement therapy.
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LITERATURE REVIEW
Intensive research on thyroid endocrinology began witn
the historic discovery by Gudernatsch in 1912 that by feeding
extracts of horse's thyroid to tadpoles, metamorphosis of the
tadpole was dramatically influenced: suppression of growth
and precocious metamorphosis( see text by Turner and
Bagnara, 1971). The relationship between the. thyroid gland
and the pituitary gland in amphibians was soon demonstrated
through hypophysectomy of the frog tadpoles, an operation
which prevents the accumulation of colloid( protein-bound
thyroid hormones) in the thyroid and so inhibits t
metamorphosis( Allen, 1916, 1929).
Evidence for the existence of a pituitary-thyroid
relationship in the vertebrates is based on: (i) the changes
in the appearance of the thyrotropes in the pituitary gland
after goitrogen treatment or thyroidectomy and (iii) the
effect of hypophysectomy, and the administratio if goitrogen
and exogenous TSH on the thyroid gland. Such a relationship
is evident in certain classes of vertebrates( Pickford and
Atz, 1957; Dodd and Natty, 1964).
a) Agnatha and El asmobranch
According to these criteria, it is questionable whether
TSH exists in some lower vertebrates e.g. in agnathan,
elasmobranch, as well as primitive actinopterygian fishes
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Pickford and Atz, 1957 Gorbman, 1969). Furthermore,
earlier work indicates that TSH from higher vertebrates does
not show any stimulating effect on the thyroid glands of the
ammocoetes larvae of agnatha or on the adult elasmobranch under
short-term or long-term TSH administration( Gorbman, quoted
by Goldsmith, 1949 Oliveraeu, 1954). However, Dent and Dodd
( 1961) claimed evidence to show that TSH was secreted by the
ventral lobe of the shark Sc'liorhi nus canicula. Using a
bioassay technique, Dodd and his colleagues suggested that a
small amount of a TSH-like substance also exists in the
pituitary gland of the agnatha( Dodd, Ferguson, Dodd and Hunter,
1963, quoted by Dodd and Matty, 1964). There are also reports
that goitrogens have-no effect on the agnathans( Klenner and
Schipper 1954), and Oliveraeu( 1950a, b) failed to show any
effect of goitrogens on the elasmobranch thyroids.
Even after a long duration, hypophysectomy of the
ammocotes larvae of Lampetra planeri failed to show any effect
on the endostyle( Knowles, 1941) In the elasmobranch,
removal of the pituitary gland from the embryo of the shark
Scyliorhinus caniculus is reported to almost completely inhibit
131I-binding as detected by histo-radioautographic technique
Vivien, 1954). No consistent histological difference from
the control is observed, however, in adult sharks( daring,
Landgrebe and Bruce, 1942).
7Among the agnathans it has been shown recently that
there is an apparent difference in thyroidal response to
exogenous mammalian -TSH between. the adult river lamprey and
hagfish. Larsen and -Rosenklide( 1972) reported that TSH
fails to stimulate-thyroidal 131 I-utilization by the river
lamprey, Lampetra fluviatilis. However, Kerkof, Boschwitz,
and'Gorbman( 1973) showed that mammalian.TSH successfully
stimulates the thyroid gland of the adult hagfish, Eptatretus
stoulii. Moreover, the data obtained by Kerkof et al( 1973)
suggests that the response of the thyroid to TSH treatment
varies with the duration of captivity: thyroids of the long-
term captive ones
b) Teleosts
In teleosts, Albert( 1945) first reported that the
thyroid gland of Fundulus sp. could be activated by hog TSH.
This was followed by findings that teleostean thyroids are
widely. responsive to TSH of various sources( Pickford and
Atz, 1957 Gorbman, 1969 Fontaine, 196). It may be concluded
that among the Pisces the presence of TSH and its stimulatory
or regulatory effect on the thyroid gland exists only in the
teleost. Cytological studies of the pituitary gland reveal
that B1 cells in the mesoadenohypophysis are thyrotropes
comparable to those in higher vertebrates.
Using a reciprocal bi.ssay method*( first applied by
Gorbman, 1941) to assess the similarity and phylogenetic
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specificity among various forms of TSH, teleost TSH was
proved to be ineffective in stimulating the thyroid activity
of lizards and of mammals, though it can activcte the amphibian
thyroid( Gorbman, 1946 Fontaine, 1969 Licht and Hart ee,
1971). Reptilian pituitary extract( of turtle and crocodile
is reported to be effective in stimulating the trout thyroid
( Fontaine, 1969). Moreover, the failure of highly purified
teleost TSH to arouse mammalian thyroid activity, either in
vitro or in vivo, led Fontaine to conclude that" the
'active core' would be masked in the teleost TSH and not in
the mammalian TSH this statement is based on the
active core hypothesis of Li( 1960)( vide Fontaine, 1969).
According to this author, the activity ratio teleost TSH to
bovine TSH is about 300 times less in- the mammals than in. the
trout.
Unlike the reported unresponsiveness of the agnatha and
the elasmobranches to goitrogen drugs, ina variety of teleost
species these drugs activate the pituitary- thyroid axis,
evoke cytological changes in the thyrotropes, cause hyperplasia
of the thyroid.tissue, and depress thyroxine synthesis( vide
Gorbman, 1969). Hypophysectomy of teleosts causes inactivity
of the thyroid gland judging from both hisuological appearance
and 1312-uptake of the gland in the goldfish Carassius auratus
( Chavin, 1956a, b). In the hypophysectomized eel( Anguilla
anguilla ), only depression in organic binding of 131I but
9not histological changes takes place in the thyroid gland
( Oliveraeu, 1954 Pickford and Atz, 1957 Dodd and Matty,
1964).
c) Amphibians
Knowledge of the thyrotropes of the amphibian is less
extensive than that of the teleost. Two cell types, B1 and
B3 cells, in the pituitary gland are claimed to be thyrotropes
( Kerr, 1965; van Oordt, 1968 Mira-Moser, 1969a, b).
Almost simultaneously to the historic investigation of
thyroid hormones on tadpole me'amorphosis, the functioning of
the thyroid gland of frogs was shown to be derendent on
regulation by pituitary gland hormones. Alder( 1916) first
reported that the removal of 'anterior lobe' from frog tadpoles
retarded growth and hindered metamorphosis. This was confirmed
by Allen( 1916) and Smith (1916). At present, tadpole
metamorphosis is regarded as one of the most sensitive p
for TSH bioassay(Pickford and Atz, 1957 Etkin, 1970). In
a study of evolutionary aspects of TSH, Fontaine( 1969) has
commented that the amphibian thyroid is one of the most widely
responsive glands to various TSHs. By applying amphibian
pituitary extract to mammalian thyroids, Fontaine and Fontaine
(1962) and Dodd al.,( 1963) have demonstrated the
presence of a TSH-like substance in the amphibian pituitary.
However, the latter workers have shown that such amphibian
10
TSH is, strongly heat-stable while mammalian TSH is heat-
labile.
The regulatory role of TSH on amphibian thyroids using
radioiodine has been demonstrated in work on the immature
embryo( Flickinger, 1964), lavae( Flickinger, 1963
Regard, 19,74 ),.adult frogs and toads among the Anura( Talmage,
Doty and Yates, 1962 Rosenkilde, 1964 van Dougan, Jor fensen,
Larsen, Rosenkilde and Lofts, 1966 Thornburn, 1967), as well
as in: the urodeles: Amphiuma( Kobayashi and Gorhman, 1962),
Triturus cristatus( Pey ot, Pennisi, Vaccorino and Biciotci,
1966 Corte, Varano, Cavagnuolo, 1974), Ambystoma mexicanium
( Taurog, 1974 Rosenkilde, 1974). In an early report on the
131I metabolism of the toad Bufo bufo, Rosenkilde( 1964)
reported that injection of macerated pars distalis to hypo-
physectomized animals restored the glandular. 1-31 I-uptake to
the lever of the control. The results of van Do Jaigan et al.
(1966) and Dent( 1966) on toads and newts respectively
suggests that, there is a seasonal change in response to
autotransplant pars distalis. However, it should be noted that,
prolactin, another pituitary hormone, is reported to act as
a goitrogenic factor to amphibians( Gona, 1967 c.f. Chiu and
Philips 1971b (hiu and Lynn 1972 for reptile).
Among amphibians, goitrogens are reported to be effective
in depressing the 131I uptake( Talamage et al., 1962
preventing recycling of iodine to the thyroid( Rosenkilde, 1964),
and hormonogenesis( Buscaglia, 1974).
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As a conclusion, a thyroid- TSH axis is well demon-
strated in the amphibians while a distinct different pattern
of prolactin- thyroid relationship also to exist.
d) Reptiles
In reptiles, a detailed review of the thyrotropes:
their morphology, histochemical reactions, and staining
properties among the reptilian pituitary glands of various
reptiles has been made by Saint Giron (1970).
B1 cells (-cell of Saint Giron) scattered among the.
pars distalis, are generally regarded as the thyrotropes
( Saint Giron, 1963, 1967 Holmes and Ball, 1974), and this
has been confirmed by Eyeson( 1970) in the lizard Agama.
Licht and Rosenberg( 1969) have suggested that'these
thyrotropes are located in the rostal pars.distalis their
results were obtained by replacement therapy using homogenates
prepared from dissected parts of the pituitary.
Moreover, the ultrastructure of the thyrotropes in the..
pars distalis of the lizard has recently been demonstrated
( Forbes, 1972). Normal histological responses as well as
physiological appearance of the reptilian thyroid gland and
changes resulting from treatment e.g. with exogenous TSH
was also recently reviewed by Lynn( 1970).
In the snake, there are comparatively few reports on the
relationship between the pituitary gland or TSH and the thyroid
gland. TSH or pituitary extracts of mammals has been administed
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to intact or hypophysectomized snakes. Data obatined for
Thamnophis (Hellbaum, 1936), Natrix (Goslar, 1958) and
Arizona elegans( Chiu and Lynn,.1970) showed that the thyroid
gland.in snakes can be stimulated by the pituitary extract or
TSH. Indirect evidence, based on the thyroid gland and
sloughing frequency relationship in Thamnophis sirtalis
also gives support for-the presence of a pituitary-- thyroid
axis in this species (Chiu and Lynn, 1972).
Fewer data on the relationship of the pituitary and
thyroid gland are available for the crocodilia. and Sphenodon.
However, Waterman (1961) has described certain changes in
the thyroid. gland of the young al-ligator following administration
of exogenous TSH and thiourea TSH stimulates the gland while
thiourea inhibits it.
There are numerous reports on the effect of TSH treatment
and/or hypophysectomy in the lizard and the turtle. The
concensus is that there exists a pituitary-- thyroid axis in
these reptiles. The first extensive report concerning TSH and
the reptilian thyroid gland was Gorbman's (1946) study on
lizard Sceloporus. Crude pituitary-extract from the frog,
chicken and sheep reportedly stimulated the thyroid follicle
enlargement in this lizard, but not from the fish leuronectid
Subsequent studies on this subject involved the use of
sp.
radioi,odine, in particular 131I. In these studies, it was
found that the amount of 131I uptake by the thyroid gland
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is increased by TSH adminstration, but decreased by hypo-
physectomy and by treatment of goitrogens in the following
lizards: Anolis.( Nussbaum, 1963 ;Lynn., McCormick and Gregorek,
1965 Licht and Rosenberg, 1969 ),Gekko( Chiu.and Philips,
1971), Xantusia( Buckingham, 1970), Sceloporus( Chiu, Lynn
and Leichner, 1970 Walker, 1973), Calotes( Thap'yal and
Chandola, 1973), and the turtles, Terrapene and Pseudemys
( Shellabarger, et al., 1956). It is important to note that the
effect of hypophysectomy and of TSH treatment on the thyroid gland
activity is dependent on-enviromental temperature and seasons of
the year( Shellabarger et al., 1956 Chiu et al., 1970).
Concerning the effect of reptilian pituitary gland extract
on the thyroid gland of non-reptilian species, the existing data
on the reciprocal test are quite contradictory. Fontaine( 1969)
found that reptilian pituitary extract is effective. in stimulating
the trout thyroid, as stated earlier, but does not stimulate
.the mouse thyroid. Dodd et al.,( 1963) showed, however, that
reptilian TSH slightly arouses the mouse thyroid activity as
exemplified by thyroid 131 I-uptake. It would be helpful to
know the reptile species from which these workers'obtained
the'pituitary extracts that they used.
Although radioiodine uptake by the thyroid gland
has been widely reported in many reptilian orders, detailed
information on the metabolism of-iodine in the normal
thyroid gland, is limited to only a few species. These
include three species of turtle, Terrapene carolina ,pseudemvs
floridanus and Pseudemys scripta elegans on a seasonal basis
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( Shellabarger et al, 1956 Vivien-roels, 1959) six lizards:
viz Sceloporus occidentalis,. Anolis carolinensis,( Kobayashi
and Gorbman, 1959 Licht and Rosenberg, 1969), Amblyrhynchus
cri idurus albemarlen$ )(Lowenstein and Stebbins,Trostatus,
1969), AAama stellio( Shaham and Lewitus, 1971), and Calotes
versicolor.( T h iyal and Chandola, 1973 The data .indicated
that thyroidal metabolism-in the reptile is essentially similar
to that of the mammals( see review-Lynn, 1970 see also below:
Chiu and Wong, 1975). In Anolis and Calotes, where the role
of exogenous TSH on the thyroidal iodine metabolism has also
been examined, it is reported that the synthesis and release
of T is enhanced under TSH in Anolis( Licht and Rosenberg,
1969) .but .not in Calotes( Thapliyal' and Chandola, 1973),
although the latter shows an increase in-labelled DIT. In a
recent review of.the reptilian pituitary gland, Licht 1974)
pointed out that the information so far available deals with
the long-term tropic effects of-exogenous TSH rather than
short-term actions.. Attempts to stimulate the thyroid gland
with TSH within 24 hour met with failure( Licht, unpublished
data). Chiu,. Wong, Lei-and Tam( 1975) show a stimulatory
effect of TSH in vitro on the thyroid in a number of reptilian
species.
Recent studies on seasonal variations of both thyroidal
and serum iodoamino acids in two species of snake, Na ja naja
sand Ela he taeniura, and on radioiodine metabolism in the
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E. taeniura,( Wong and Chiu, 1974; Wong et al, 1974) reveal,
in the circulation, the presence of a large amount of iodoamino
acids, MIT and DIT which are precursors of the thyroid hormone.
Preliminary examination of the peripheral deiodinating system
in three representative reptiles viz Geoclem s reevesii,
Gekko gecko, Elaphe taeniura, give some evidence that an
inefficient deiodinating system possibly exists in snakes.
It is probable that the snake thyroid gland is unique this
ability to deiodinate.MIT amongst the vertebrates( Chiu and
Wong 1975).
e) Birds and Mammals
Among-the birds, information, concerning the nature and
distribution of thyrotropes, and the regulatory role of avian
TSH on the thyroid gland has emerged recently( Assenmacher,
1973 Kobayashi and dada, 1973 Holmes and Ball, 1974).
Partially purified chick TSH has been prepared and found to
be similar to mammalian TSH in its chemical characteristics
( Scanes and Follet, 1972). Due to their high sensitivity
to the TSH of other species, avian thyroid glands( especially
those of the young chick), are extensively used in TSH assays
( vide Bates and Condliffe, 1966 Tixi/er-Vide and Follet,
1973). It is important to note that phylogenetic spe-cifi city
might exist in this TSH( Dodd et al, 1963) the sensitivity
of birds' thyroid gland to TSH is strand-dependent( Fordor
and Pethes, 1974). In other words, genetic control may be
a main factor in determining thyroid sensitivity to TSH.
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Most of our existing knowledge of the vertebrate thyroid
gland and its control by the pituitary gland comes from the
numerous investigations on mammalian species ( Greer and Soloman,
1974 ). The pituitary thyroid interaction ( or rather the
hypothalamus pituitary thyroid relationship ) is well
defined and has been periodically reviewed ( Purves, 1964
Brown-Grant, 1966 Tong, 1974 ). Treatment, with TSH increases
various phases in hormone biosynthesis ( and release ), and
this increase is probably via an adenyl cyclase system. Similar
tropic actions of TSH are described in thyroid preparations
in vitro ( Nataf, 1968 Beck, Soloveitzik and Barzilai, 1973 ).
Recently, the thyroid-hormone feedback control system with the
pituitary gland or hypothalamus has been considered from a
bioengineering view point, and the relationship of the
hypothalamus pituitary thyroid has been demonstrated
through computer programming ( Distefano, 1973 ).
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PARS ONE
SEASONAL VARIATION OF I CONTENT OF THE THYROID GLAND:
TOTAL IODINE CONTENT AND THE DISTRIBUTION OF IODOAMINO ACIDS.
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INTRODUCTION
Iodine is an important component of the thyroid hormones
in vertebrates. Its rate of metabolism within the thyroid
gland, and in the animal as a whole, varies considerably amongst
different classes, genera and species( Berg, Gorban and
Kobayashi, 1959 Etkin and Gona, 1974). In the tetrapods,
its source comes mainly from food intake, and its subsequent
presence in the animal constitutes what is generally known as
the iodide pool. The size and nature of this pool has a
tremendous effect on the normal physiology of the thyroid gland,
and of the animal itself( Studer, Kohler and Biirgi, 1974)
As the normal functioning of the thyroid gland depends
on the availability of iodide, and the concentration of the
iodide pool, in any studies on the TSH- thyroid relationship,
it is important to know the amount of I present in available
to the animals. This is all the more important in the present
study which involves an examination of thyroid functioning in
different seasons of the year, because annual variations of the
reptilian thyroid glands are well documented( Lynn, 1970).
It was impossible, and unnecessary, in the present study
to control the diet and the environment of the animal with
reference to the availability of iodine. An attempt was made,
therefore to find out in the beginning of thib study the extent
19
of variation of I content of the animal by analyzing the
thyroid tissues in a set of normal animals at different
times of the year.
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MATERIALS AND METHODS
Seasonal' Variation of Iodide Contents:
Five mature male striped racer snakes, .anhe taeniura,
were bought locally during each of the months of March,. May,
September and December, 19714. Animals were sacrified by
decapitation. Body weight and weights of thyroid gland,
testis and fat were recorded. The blood of the five snakes
from each month were pooled, usually yielding 20 ml pooled
serum. The iodinated compounds were extracted from the
serum with acidified n-butanol following the nethod of Block,
Werner and Nandi (1958). The thyroid glands were immediately
frozen at -20°C until hydrolysis of the tissue-was performed
with 0.5% pronase under N2 using the method described by
Shadam and Lewitus( 1971). Chromatographic analyses of the
thyroidal iodinated compounds followed the methods of L bssitzky,
Gregoire, Gregoire and Limozin( 1961), and Baker( 1968)
with I-, MIT, DIT, T4 and T3 markers developed in parallel
with the samples. The iodinated compounds were detected
with a mixed solution of ceric sulfate-sodium arsenite
Bowden. Maclagen and riilkinson. 1955).
Quantitative Determination of Total Iodine and Iodoamino Acids:
The method used was similar to that described by Natty
and Thornburn( 1970).
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Reagents: lution solution:0.5 N BH4OH
10% NaCl solution in 1 N H2S04
0.5 N Arsenious oxide stock solution: 5 a. in
30 ml 1 N NaOH then add to 100 ml with 2 N H2SO4
solution
0.02M Ceric sulfate stock solution: 0.781 g/100 ml
1 N H2SO4
Ferrous ammonium sulfate solution: 1.5% aqueous
solution.
Potassium thiocyanate solution: 4% aqueous solution.
All reagents, except the ferrous ammonium sulfate
solution, were prepared and stored in a refrigerator until
required. Ferrous ammonium sulfate solution was freshly
prepared as required.
All reagents were either AR goade from B.D.H. or G.R.
from E. Merck. In order to avoid interference from any anti-
oxidants from polythene, glass distilled water in glass
containers was used in preparing the reagents( Matty
and Thornburn, 1970).
Procedure for Total Iodine Determination
1. 50 pl whole-gland hydrolysate were pipetted into a 15 x
1.60 mm test. tube.
2. 1 ml 10% NaCl solution was added to each sample.
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3. 2 ml arsenious oxide stock solution were added.
4. The time interval were kept and 2 ml 0.02 M ceric sulfate
were then added.
All the above steps should be completed within 10 min. and
the reaction was allowed to proceed in the dark.
5. Simultaneously concentrations of 0.1 ug to 3.0 ug of iodine
'solution in 0.5 N NH4OH were used to constructed a standard
curve.
6. After 30 mina the reaction was stopped by adding in 0.5 ml
ferrous ammonium sulfate solution the resulting mixture
should be colorless.
7. Colour was then developed by adding in 0.5 ml potassium
thiocyanate solution, and solution was allowed to stand
for at least 30 min. to ensure maximum colour development.
8. Percentage of transmission was read at 488 nm. against a
blank of 0.5 ml each of ferrous ammonium sulfate and
potassium thiocyanate solution in-5 ml distilled water
with a Hitachi 101 spectrophotometer.
9. The total quantity of iodine was determined with reference
to the standard curve, and was expressed either in terms
of ug/gland or ug/mg thyroid tissue wet weight.
Procedure for Determination of Thyroidal ioaoamino acias
All the processes in determining the quantities of iodo-
amino acids were essentially similar to those described above
for total iodine determination.
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1) Various iodinated substances were separated by paper
chromatography of hydrolysates with reference to known
markers. After the identified appropriate section of the
chromatogram was cut into strips, elution was followed
by adding in 2 ml elution fluid into the test tube for
10 min.
2) The eluates were processed by adding 1 ml 10% NaCl solution
i.e. step 2) described about.
3). 4). 5) were similar to those described above for total
iodine determination.
6) Preparation of standard curves:
Different concentrations of I-, MIT, DIT and T4 were
applied and developed parallel with- samples of the thyroid
hydrolys ates. The chromatogram was cut into strips,
each of which carried one iodinated compound corresponding
to a marker. Each stripe was eluted and the eluate was
determined colorimetrically for the construction of
standard curves.
The concentration of standards ranged from
MIT, DIT: 0.5- 2.0 ug
I-, T4: 0.1- 1.0 ug
7) were similar to those described above for total iodine
determination.
8) All the samples were read at 488 nm. against a blank of
0.5 ml each of ferrous ammonium sulfate and potassium
thiocyanate in 7 ml distilled water.
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Furthermore, since iodine in too great a gradient
usually cannot provide a straight standard curve, the
following modification improved the sensitivity of the
method. In samples with higher iodine contents ( above
20 g/gland ), 1/5 stock solutions ( dilute with 1 N
H2S04 ) of arsenious oxide and ceric sulfate were used as
detecting reagents for the "origin" section, while 1/2
stock solutions were used for "T4" and "I " sections,
and original stock ( i.e. undiluted ) for "MIT" and
"DIT" section. In samples with lower iodine contents,
1/10 stocks were used for the "origin", 1/5 for "T4"
and "I " and 1/2 for "MIT" and "DIT" sections.




There are no significant differences in the iodine
content 5 of thyroid glands taken from snakes in the four
seasons when analyses were made( Table I-1). However,
there is indication of cyclic fluctuation in thyroidal iodine
content which is low in May, September-and'-December, but is
high.,Ain March.
The results from the analysis of the iodoamino acids
of the thyroid glands( Table 1-3) show that there is
significant enhancement of thyroxine content in March
compared with September and December( march v.s. September
P----0.01 March v. s. December P---,-0.01). Other significant
increases can be found in the free iodide content in December
and March snakes compared with that in May and September
and MIT content in-September compared with iiay. No
significant difference exists in the DIT contents nor in
material at the origin of the chromatogram.
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DISCUSSIN
The present results raise a question the functional
significance of the cyclic changes in the glandular I- content.
High total I- level and T4 concentration probably do not
indicate that the gland is active on the contrary, it is
indicative of a low or inactive thyroid. This is because,
firstly the free I concentration is high and, secondly the
T content possibly represents an accumulation of iodothyronine
synthesized during the hibernation period.
May is the mating period. of this snake and September
( late autumn) is prehibernating period. These times of.the
year have been regarded as the active. season for the snake,
and the thyroid gland is probably more active then( Chiu,
Philips and Maderson, 1969). Increased discharge of T4
over-production may account for the lower T4 concentration
during the active season in comparison with Karch. Evidence
for. activity of the gland includes in. the low free I- level,
as well as a high DIT/MIT ratio( 0.233) cornared with those
in the rest of the' year( 0.160 to 0.17.9). I: increase in
thyroid activity in September is also evidence by low free
I level, and .a further decrease in T4 concentration,, due
possibly to increased discharge of the iodothyronine. This
latter suggestion is related to increased actiivity of the
snake, such. as building up fat storage etc., in this
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prehibernating period. That the thyroid activity is high
during May to September receives support from the in vitro
studies reported. in Parts II and III.
Finally, the thyroid gland becomes inactive upon
hibernation of the animal, due possibly to the reduced
environmental temperature. The inactivity of the gland
is shown by the low total iodine content and relative
increase in. the free I- fraction. However, it is suggested
that biosynthesis. goes on during hibernation, albeit at'a slow
pace, leading to formation or accumulation of T4, as well as
total I accumulation, by the, end of the early spring prior
to emergence from hibernation.
According to an early report by Nosaka (1926), the
snake thyroidal iodine content in relation to total body weight
is quite comparable to that of other vertebrates. It should
however be noted that total iodine content may be strictly
related to the food-stuff intake. No matter how, the thyroxine
level in snake is not so high as that reported in sea turtles
and alligators( Baumann, Metzger and Marine, 1942) and,
with the. same method of assay, is lower than teat of the.
parrot fish thyroid'( at about 0.9 ug/mg thyroid tissue dry
weight: Matty and Thornburn, 1970).
Amongst the tetrapods, the particular pattern of
distribution of iodoamino acids in the snake thyroid glands
( i.e. the higher-thyroxine level. and low DIT/T4 ratio in
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March) is very similar to that reported for the thyroglobulins
of the Afric an clawed toad Xenopus laevis Sorimachi and
Ui, 1974b). As yet it is unknown if .any similar seasonal
variations exist in Xenopus. Sorimachi and Ui( 1974a) have
suggested that the iodoamino acid distribution is strictly
related to the degree of iodination of the protein, thyroglobulin.
Earlier Rolland and his colleagues( 1972) commented that
such distribution patterns depend on the total iodine content
of the gland.
If the data from Table I-3are expressed in terms of molar
concentration, the approximate molar ratios of iodine






Similar determinations have been made by Rosenberg and
Cavalieri( quoted by Taurog, 1974) in rats with sufficient
iodine in their food supply and have given molar ratios for.
MIT:DIT:T4:T3 of 34:32:12:1. In parrot fish, these are
11:22:46:6( Matty and Thornburn, 1970). Those 127I-molar
distribution in thyroidal iodoamino acids are summarized in
percent of total and compared as following:
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MIT : DIT : T4/T3
Rat 43 41 16
Parrot fish
13 26 61
Snake ( March ) 20 45 35
( May ) 16 54 30
( September ) 24 56 20
( December ) 23 60 17
The present result's indicate, therefore, that the molar
distributions in the snake thyroid are quite different from
those in the rat and to the parrot fish. The ratio may be
valuable for subsequent investigations on in vitro radioiodine
metabolism with reference to the effect of iodide on the thyroid
































Seasonal variation on the iodide content and the iodo-amino
acids (ug/ mg thyroid tissue wet weight) in the male striped
racer snake thyroid gland.
Snake Time
Origin I-of MIT DIT T4
No.
Year
0.028 0.3940.027 0.4691 0.423
0.013 0,095 0.1610.015 0.1582
0.323 0.2390.0610.017 0.2183
Mar.
1 0.3690.115 0.3530.043 0.3044 4
0.052 0.344 0.754 0.2640.0325
0.077 0.049 0.530 0.3200.0276
0.3110.090 0.3330.036 0.2427
0.074 0.0980.008 0.0640.0198














Table I - 3 A summary of the distribution of I in various forms of iodinated
compounds in the thyroid gland of the snake , E. taeniura . ( Mean SEM )
Time




0.027 0.008 0.058 0.015 0.262 0.061 0.418 0.088 0.281 0.037
May 0.031 0.006 0.028 0.016 0.165 0.048 0.385 0.142 0.192 0.054
Sept. 0.030 0.008 0.027 0.007 0.273 0.032 0.456 0.087 0.143 0.029
Dec. 0.032 0.009 0.072 0.009 0.236 0.074 0.423 0.054 0.112 0.035
March v.s. Septem er P0.05
May v.s. September P0.05
March v.s. September P0.01 ; v.s. December P0.02
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Table I- 4 Seasonal variations of total iodine content in
the thyroid gland of E. taeniura.
Time No. of
of 127I/Gland 127I/ mg thyroid Determination
Year ( g ) wet weight ( g )
Mar.'74 23.32 3.75 0.626 0.083 2 X 6= 12
May 18.46 5.69 0.508 0.128 3 X 5= 15
Sept. 18.41 2.21 0.592 0.079 4 X 5= 20
Dec. 18.04 3.61 0.493 0.089 2 X 5= 10
* No. of animals.
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PART TWO
SEASONAL RESPONSE OF THE THYROID GLAND TO BOVINE TSH:
IN VITRO THYROIDAL125I UPTAKE AND HORMONOGENESIS
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INTRODUCTION
Data on thyroidal biosynthesis of iodoamino acids in
vitro as well as in vivo are rapidly accumulating and recently
have been reviewed by Taurog( 1974). The actions of TSH on
uptake and hormonogenesis in the thyroid gland in mammalian
species has' been reviewed by Tong( 1974). In an earlier
review, De Groot( 1965) commented on the regulatory role
of TSH on thyroidal uptake of iodide and on hormonogenesis.
It is reported that this tropic hormone not only increases
.thyroid iodide uptake and augments organic bound iodide, bu.
also increases the coupling enzymes in the process of iodothyronine
formation. It is hovrever argued that the enhancement of iodide
uptake may be related to an alteration in energy supply rather
than a direct action on iodide transport( De Groot, 1965).
In contrast, Sherwin and Tong( 1974) suggested that TSH acts
on an dual control system of sodium pump and by facilitating
iodide transport.
Information on the biosynthesis of iodoamino acids
is available for a number o species of reptiles( vide Lynn,
1970 Licht, 1974 Wong et al., 1974 Chiu et al., 1975).
The stimulatory effect of TSH on radioiodine uptake of the
thyroid gland in vivo by reptilian gland are few. TSH promotes
thyroxine synthesis as well as enhances formation of 131 I-DIT
in Anolis( Licht and Rosenberg, 1969), T4 synthesis in
Sceloporus( Walker, 1973) but not in Calotes( Thaliyal and
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Chandola, 1973). Little information is available concerning
in vitro thyroidal biosynthesis of iodoamino acids or the
regulatory rote of the thyroid gland tissue in reptiles and
in lower vertebrates. However, although the in vitro method
may not be the best method of assessing thyroid status( Taurog,
1974), it is a very convenient method( Tong, 1974). We
recently attempted, in a number of reptilian species, to examine
the thyroid physiology and metabolism using the in vitro system,
and preliminary results showed that TSH is possibily stimulatrry
on the snake thyroid gland( Wong et al., 1974 Chiu et al.,
1975). However, it must be stressed that any setudy on the
reptilian thyroid physiology should be. carried out on a seasonal
basis, since there is a well-documented cyclic changes in the
thyroid gland( Lynn, 1970 Wong and Chiu, 1974).
In his recent review on the reptilian pituitary gland,
Licht( 1974) points out that any stimulatory.or inhibitory
effect on the thyroid gland following either TSH treatment or
hypophysectomy is observable only after a number of days-
an effect which he refers to as the long term effect. By
contrast, the short term action of tropic hormone is seen
with hours. Seemingly, based on the unpublished data by Licht,
TSH has no short term action on the thyroid activity of
lizards.
Other factors not withstanding, it would appear that
the "short "term action of TSH, if any. would be better
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examined in an in vitro system. Thus, our preliminary experiments
strongly indicate that TSH can stimulate the activity of the
reptilian thyroid within 12 hour when slices of gland are in-
cubated with tropic hormone in vitro( Chiu et al., 1975).
Experiments performed and described in this part
( Part II) were designed to examine the effect of TSH on the
thyroid gland activity on a seasonal basis with equal reference
to the in vivo effect( long term) and the in vitro effect
( short term) of the tropic hormone on two aspects of thyroid
activity. viz
1. glandular uptake and hormonogenesis
2. biosynthesis of hormones
In the next part( Part III), the effect of TSH on the




a. Long term effect:
Ten mature, male striped racer snakes, Elaphe taeniura
were obtained ilt each of the months of March,June and September
of 1974, and January of 1975. These were kept at ambient temperature,
and water was provided adlibitum. Five snakes were i.p. injected
with 5 USP units TSH( NIH-TSH-B 6.) in 0.5 ml distilled water/
animal/ day for 5 days. The other five snakes were injected
with equal volume of distilled water and served as controls.
All snakes were killed on the 6th day, as described in Part I.
and the thyroid gland from each snake was sliced into 5 mg pieces
for incubation( Beck, Soloveitzik and B arzilai, 1973). Sliced
thyroid from each snake was incubated individually. The deter-
urination of 1251 uptake in vitro by the slices of thyroid tissue
of each individual snake and the analysis of labelled substances
followed the method described by Chiu et al.,( 1975), there
was, however, no addition of TSH to the thyroid slices during
incubation. Pata obtained were expressed as mean S.E.M. of 5
incubations for the control & TSH treatment.
b. Short term effect:
Ten mature, male striped racer snakes were purchased
locally during the months of March, May, September of 1974,
and January of 1975. The snakes were immediately sacrified
upon-arrival in the laboratory. The effect of TSH on uptake
of 125I and hormonogenesis by the thyroid gland was studied
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using a modified method of Chiu et al.,( 1975). Thyroid
slices from five snakes were incubated in the presence of TSI
at 0.5 USP unit in 5 ml KRPG for 12 hours ； slices of thyroid
gland from the remaining 5 snakes were incubated in TSH-free
medium and served as controls. Again the sliced thyroid gland
of each snake was incubated individually. The data obtained




a. Long term eiiect
The data on percent radioiodine uptake and relative
percent of labelled compounds formed are shown in Table II-2
& Fig. II-1. Thyroid tissue previously treated with TSH
showed greatly enhanced 125 I uptake compared with the control
in September the radioiodine uptake percent of the thyroid
glands in the experimental animalrs reached thrice that of the
controls and the quantity represented 'about 60% of the total
radioactivity in the whole incubation medium. There was about
a 100% increase in the total thyroidal uptake with TSH treat-
ment compared with the untreated control, except for the period
of June.
The biosyntheticcapacity of the thyroid gland varies
in different seasons: in the controls, 3 patterns of 125I
substances synthesized can be recognized. In June, unbound 125I
predominates( 80%), iodotyrosines constituted the rest and
iodothyronines were not found. In March, unbound 125I makes up
a fairly large proportion of total 125I.( 27%), iodotyrosines
becomes dominant, and iodothyronine was found in small amounts.
In September to January, the patterns of 125I-labelled .'compounds
were similar: a further decrease in free 125I occurred with
concomitant increase in iodothyronines* the iodotyrosines
constituted about 80% of the labelled compounds.
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There was no observable difference in the pattern of
hormonogenesis with TSH-treatment during September and January,
although it should be noted that the absolute amount of each
125 I-compound was increased following adminstration of TSH, as
shown by an increase in total thyroidal uptake. In March and
June, TSH decreased the unbound 125I and increased the iodo-
tyrosines concentration no apparent change in iodothyronines
were seen.
b. Short term effect:
Data on percent radioiodine uptake and relative percent
of labelled compounds formed by slices of gland following
addition of TSH to the incubation medium are shown in Table II-3
Fig. 11-2. The values of radioiodine uptake by the control
thyroid gland were comparable to those seen in the previous
experiment( See Table 11-2 Fig. II-1). TSH increased
significantly the percent uptake in May and probably in January.
The tropic hormone, however, had no apparent stimulatory effect
in March and September. The increase in the percent uptake
with TSH given in vitro in less than that in vivo. Two patterns
of thyrohormonogenesis could.be seen. In one, there was more
free 1251 and less iodothyronines( e.g. March), while in
the other, the reverse was true( those of May, September and
January). The total iodotyrosines existed at similar levels
throughout the four seasons. TSH increased the iodothyronines
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fractions and decreased the free 125I in March no apparent
change could be seen in the iodotyrosine fraction, however,
with TSH treatment. Addition of TSH had no effect on the pattern
of in vitro hormonogenesis in May, September and January.
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DISCUSSION
The basic methods used in this section were derived
from those devised by Nataf( 1964), Shimoda and Greer( 1964),
Nataf( 1968) and Beck et al.,( 1973) for studying the in
vitro metabolism of 131 I by the thyroid gland of the rats.
As would be expected,-any effect of TSH should be shown by
the difference in the in vitro glandular uptake the quantitative
and qualitative differences in hormonogenesis between the control
and treatment with TSH. The data obtained from in vivo admins ration
of TSH to the snakes for 5 days and then followed by incubation
of( TSH pre-treated) thyroid tissue clearly ihow that, as for
the thyroid tissue from the TSH -treated snakes, the tropic
hormone is stimulatory. This stimulatory effect seems to be
minimal in June. Such a stimulatory action in vitro with TSH
pre-treatment is comparable to that of TSH in the thyroid gland
in vivo( see also Table 111-2) the latter effect is well
known and is referred to as the long-term effect by Licht
( 1974).
The controversy has been whether there is any stimulatory
effect of TSH on the thyroid gland in a relatively short period
time( i.e. short-term action). The answer has been sought in
the present study '3y addition of TSH in the media during
incubation of the thyroid tissue. Data obtained indicated that
TSH is probably also stimulatory as judged by the percent uptake,
but it is complicated by the influence of seasonal factors.
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Increases in% I uptake under TSH have been observed in
May January, though, as would be expected from the duration
of treatment, these increases are less than those with prolonged
TSH treatment. No apparent increase was observed in March
however, this may reflect on the less responsiveness of the
tissue rather than an absence of stimulation by TSH( See
below for hormonogenesis in vivo p. 71). In September, the
apparent decrease in 1251 uptake with TSH is obviously related
to an increase: in discharge of the gland in that period of thr:
year( See result of Part III, Table III-2).
In vivo adminstration of bovine TSH does not cause any
significant increase in the thyroid weight despite increases
in 1X51 uptake by the gland in all seasons except in September.
In September, the absolute thyroid weight under TSH treatment
showed a significant increase compared with the control thyroid
gland An increase in size (volume) of the thyroid gland is
a well known effect of TSH( Tong, 1974). The present experiment
therefore suggests that over a short time, thyroidal 1251-uptake
is a more sensitive criterion for judging the effect of TSH than
is weight of the gland.
Turning to in vitro hormonogenesis, it is sum that
pre-treatment with TSH results in stimulation of perhaps all
process in hormonogenesis. These processes include: reduction in
free I, stimulation of iodotyrosines and iodothyronines formation,
and an overall increases in radioactivity in the tissue. This is
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true, especially with reference to the pattern of distribution-
of labelled compounds, for September, 1974 & January, 1975.
In March and tune, 1974 TSH promotes a decrease in free I
and an increase in the iodothyronines. These changes, probably
indicate the effect of TSH. on the early steps in hormonogenesis,
there is no apparent effect on the iodothyronine fraction.
It is worthy that a number of steps or processes.in hormono-
genesis are stimulated by TSH in March and June. It seems that
stimulation by TSH is greatest when the gland is inactive
( e.g. experiments of June, 1974). Presumably, only when
the thyroid gland is inactive (as judged by high I and low
T4 concentration among the labelled substances), can the
stimulatory action of the tropic hormone best be seen. The
in vitro effect of TSH on hormonogenesis is less than that
when tissue is pre-treated with the tropic hormone in vivo.
There are no differences in the pattern of labelled substances
so formed with or without TSH in incubations conducted in May,
September, 1974 & January, 1975, except there is a slight
increase in the DIT:MIT ratio under TSH in January, 1975.
In the presence of TSH, there are slight increases in various
labelled substances in May, 1974 and January, 1975, in addition
to the increase in radioactivity. In September, the reverse
is true, and this probably reflects an increased release of
the labelled substance during incubation, as shown in Part III.
Of particular interest is the pattern of distribution
of labelled substances in March. Despite the absence of any
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increase in 1251 uptake by the tissue treated with TSH( so
that the amount of radioactivity in treated and untreated tissue
remains the same), TSH changes the pattern by decreasing the
free I and increasing iodotyrosines in comparison with the
control this change is identical with that seen in tissue
pre-treated with TSH. This change in pattern is indicative
of a stimulatory action of TSH on hormonogenesis.
Interpretation of the quantitative data concerning
labelled substances in the present study is complicated by the
concomitant release of the labelled substances so formed.
Kobayashi and Greer( 1971) reported that thyroglobulin
most recently synthesized has a greater susceptibility to
proteolysis than the previously synthesized iodinated thyroglobulins
this report has been confirmed by Kohler and his colleagues
( 1971). The problem of secretion during incubation: the
so called last come, first served phenomenon, which goes
on simultaneously with the process of 125 I entrapping, may
disturb the and result of in vitro uptake and hormonogenesis
analysis. Data collected in September with TSH pre-treatment
probably exemplify this situation.
In conclusion, the present results show that the extent
to which4TSH effect the thyroid gland of the snake depends on
the seasonal factor or status of the thyroid. In vitro 125I-
uptake and hormonoaenesis measurements using thyroid tissue
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previously treated with TSH, provide a way of assessing the
effect of TSH on the thyroid gland. Similar measurements, using
thyroid tissue not previous treated with TSH but incubated
with TSH( i.e. in vitro effect of TSH) can also be applied.
with success, if the experiments are preformed at certain
times of the year.
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Table II-1 The body weight, testis weight and thyroid weight of the experimental
animals in Part II a.
Thyroid Weight
No. ofMonth o









49.02± 6.34, 9.73±0.94*522.40±52.85TSH 5.80±0.805
30.50± 4.11444.20±57.21 0.9k±0.19Control 7.11±0.985
January'?5
8.57±1.5740.90±12.12454.00±69.18 1.42±0.22TSH 5




Table TT_2 In vitro 125I uptake and hormonogenesis: seasonal response or tnyroid
gland to "long term" TSH treatment. (Mean-+SEM)
Thyroid gland
Chromatogram














34.77 2.66 65.72 22.32 1.96 0.50 0.82 0.15
37.25 5.23 161.39 14.39 5.15 0.67 1.97 0.22
35.25 6.22 38.82 3.33 1.41 0.34 0.38 0.08
40.70 4.74 54.07 21.72 1.36 0.56 0.44 0.30
28.18 5.58 159.8133.16 4.71 1.66 1.68 0.39
49.01 3.34 301.61 22.17 6.22 1.11 3.53 0.62
30.53 4.14 126 .15 20.17 4.64 1.12 0.83 0.25
40.90 12.12 237.85 42.50 7.88 2.16 1.04 0.23
Distribution of 125 I (% of total)
%
% per mg
tissue origin I- HIT
27.44 5.52 37.26 5.62 52.16 2.92 2.32 0.33
17.17 2.50 39.98 3.65 39.83 2.89 2.79 0.60
79.11 5.08 13.36 3.56 7.33 1.58 0.12 0.12
52.89 7.59 31.63 4.17 14.36 2.65 1.26 0.91
10.50 0.60 49.34 1.86 28.48 3.24 8.28 0.11
13.47 1.65 42.89 3.12 29.87 4.97 10.2 2.88
6.62 1.05 34.46 3.84 1.50 3.86 6.71 0.49





















Control v.s TSH P<0.01
Control v.s TSH P<0.05
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Table II-3 The body weight, testis weignt ana tnyroia weight of the experimental
animals in Part II b.
Thyroid WeighsNo. ofMonth of
Body Weight Testis WeightTreatment RelativeAbsolute
animals (g)(g)the year (mg/lo0g B.wt.)(mg)
537.00±26.96 1.52±0.22 40.45±5.136Control 7.70±1.19
March '74
6 40.50±4.53TSH 590.50± 76.91 1.50±0.26 7.20±0.5k
Control 42.90±5.57 8.65±2.18569.00±132.12 1.56±0.385
May
TSH 1.48±0.525 466.40± 92.51 33.40±7.38 7.64±1:74
Control 5 27.08±8.27401.60± 55.33 5.72=0.60 6.81±0.77
September
TSH 421.80±48.345 7.64±0.26 38.06±3.13 7.93±1.52
Control 5 473.00±54.61 1.52±0.19 11.16±2.5051.04±7.50
January '75
TSH 5 40.16±3.49435.20±39.74 1.29±0.22 9.66±1.81
B. Wt.= fat free body weight,
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Table II-4 In vitro 125 i uptake and hormonogenesie : seaspma; response of thyroid gland



































Chromatogrum doveloped with B-A-W doocending system for 12 hour
40.45 5.13 84.54 15.32 2.42 0.99 0.65 0.18
40.50 4.55 83.47 14.31 2.23 0.79 0.54 0.13
42.90 5.57 121.21 25.53 2.84 0.51 0.64 0.16
35.40 7.38 164.01 32.87 5.70 0.91 0.24 0.15
27.08 8.27 101.2 14.24 3.90 0.36 0.14 0.04
38.06 3.13 79.23 5.57 2.71 0.41 0.05 0.04
51.04 7.50 71.98 13.51 1.64 0.52 0.43 0.09
40.16 3.49 107.06 19.35 2.60 0.41 0.60 0.22
21.92 6.62 36.83 2.59 36.52 4.22 4.06 0.82
14.79 4.54 42.08 4.45 39.88 3.90 2.61 0.51
10.60 1.52 28.04 3.40 35.76 3.90 5.47 1.00
10.57 1.03 32.20 3.63 51.73 3.58 5.27 0.91
10.68 1.53 45.74 1.20 35.15 1.58 8.29 0.82
9.90 3.10 43.66 4.79 34.54 5.22 10.15 0.74
11.36 3.30 36.07 45.79 2.14 6.35 1.11
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MONTHS
Fig. II - 1 In vitro percent 125 I uptake : seasonal response tp " long term"
TSH - treatment.
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Fig. II - 2 In vitro percent 125 I uptake : Seasonal response to " short term"
TSH - treatment. TSH treated; Control).
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PART THREE
SEASONAL RESPONSE OF THE THYROID GLAND TO BOV.INE TSH:
SECRETION OF IODINATED THYROIDAL SUBSTANCES IN VITRO.
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INTRODUCTION
In vitro release of radioiodine-labelled substances
from thyroid tissue during incubation has been reported as
a sensitive parameter for the assay of thyrotropin in the
rats( Bottari, Donovan and El Kabir, 1963). In recent
years TSH and many cyclic nucleotides have been shown to
stimulate thyroid secretions( Williams and Wolff, 1971
Williams, 1972 Malan, Strang and Tong, 1974). Mtn *o and
his co-workers introduced a method in which the thyroid glans
of the mouse is firstly labelled with radioiodine in vivo,
and is subsequently examined for radioiodine release in vitro
. 4/ I
1967 Ensor and Mu, 1969). We have(Brown and 14 o,
V
followed this method in a preliminary study of thyroidal
iodinated compounds in the snake( 'Yiong et al., 1974 Chiu
et al., 1975). However, various factors are reported to
interfere with the secretion of the thyroid gland( see
review by Greer and Haibach, 1974).
There is available information on the effect of TSH on
the release of iodinated substance from the thyroid gland of
reptiles. Licht's recent review( 1974) on the pituitary
gland in reptiles commented that no short term stimulatory
effect of TSH on the thyroid gland is based on his personal
unpublished data. In contrast, we showed a stimulatory role
for•TSH on the in vitro thyroidal release of radioiodine-
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labelled substances in a number of reptiles( Chiu et al.,
1975). Whether this discrepancy is due to species variation
or to seasonal variation of the species of reptile used is
not known.
The present study examines, on a seasonal basis and using
the in vitro method, the effect of TSH on the nature and
quantity of the thyroidal secretions. The present study also
examines the so called 'long term' and 'short term' effect of
TSH( see also introduction in Part II) on the thyroidal
secretions in 2 different sets of snakes one of which was
treated with TSH. before incubation( long term), while the




a. Long Term Effect
During May and September of 1974, and January of 1975,
ten mature male striped racers were purchased locally, and
all were i.p. injected with 40 y Ci carrier-free 1251
(Radiochemical Centre, Amersham). The snakes were kept at
ambient temperature. Seven days after the injection with
1251, the snakes were divided into 2 groups five snakes
were given daily 'i.p. injections of 5 USP units TSH( NIH-
B 6) in 0.5 ml of distilled water, and the remaining five
were injected with an equal volume of distilled water as
controls.°
Twelve days after'the injection of radioiodine,( i.e.
5 days after injection of TSH or water), the snakes were
sacrif d. The in vivo 125I-up.ake by the thyroid gland in
12 days with or without TSH treatment was calculated with
reference to the administered dosage of the isotope as
follows:
CPM of the intact thyroid gland
of uptake
CPM of 4o-), Ci 1251
(CPM of 40 p Ci 125I was determined by counting equivalent
samples of the radioiodine solutions that !lad been used for
injection).'
After counting, the thyroid gland was sliced, and
prepared for incubation. The% release in vitro of 1251-
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labelled substances from these slices, and the nature and
amount of 1251-labelled substances so released, were
investigated using the method of Chiu et al. (1975).
There was, however, no addition of TSH to the incubation
media in the present experiments. Sliced thyroid gland of
each snake was incubated separately. The data obtained from
the number of incubation were expressed as meV.n± S.E.M. in
each group.
b. Short Term Effect
During each of the months of March, May, and September
of 19?4 and January of 1975, ten or twelve mature, male striped
racers were bought locally. All of these snakes were i.p.
injected with 1+0 Ci 1251 and were kept at ambient temperature.
Ten days after injection the snakes were killed. The in vivo
1251 uptake by the thyroid gland was determined as described
in Part III a.
The thyroid gland was sliced for incubation, and the
nature and amount of 1251-labelled substances released in
vitro were investigated by the method of Chiu t l.,( 1975).
To examine the effect of TSH on the% in vitro release, and on
the nature and amount of 1251 substances, *so released, 0.5 USP
units TSH were added to each incubation of thyroids from 5
snakes, while the remaining incubations served as controls.
The sliced thyroid gland of each snake was incubated individually,
and the result obtained was expressed as Mean± S.E.M. of the




Data on the ..percent of various .iodinated compounds
released into the media and remaining in the tissue are shown
in Table 111-2 and Fig.'III-1. In the September sample there
Was, a significant increase( about 100%) in the release of
1251-labelled substances from thyroid tissue pre-treated with
TSH compared with the control. The differences in the percent
release were not significant in May and January.
In the gland hydrolysates, the pattern of distribution
125
of 1-labelled compounds is similar to the control in Pia Ys
September and. January, except that T4 is comparatively low in
Nay. In TSH pre-treated thyroid tissue, both the radioactivity
at the origin and in the free iodide are higher than those
in the controls in May and September, but not in January.
Furthermore, the DIT/MIT ratio is higher than in the controls
in May, September and January. This suggests TSH promotes
synthesis of DIT, and possibly of thyro ine. There is no
evidence for increased T4 concentration. compared with the
controls, nor is the iodo-thyronin e/iodotyrosine ratio
enhanced. It must be borne in mind that both the absolute
and relative amounts of labeled compounds found in the tissue
represent what had been formed in vivo minus fractions
released during incubation.
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Analyses of the incubation media in September and
January showed that the radioactivity is concentrated at
the origin of the chromatogram, togram, indicating that the 1251-
labelled released substances are mainly protein-bound rather
than in the free form. Comparisons between the pattern of
distribution of 1251-labelled compounds in media between
TSH pre-treated and control thyroid revealed no difference
in MIT and'DIT in September, nor is there any increase in
I and T4 in September. Increase however is found in T4
and I fraction in January with TSH treatment. It should.
be noted that: a) as there is 100 increase in the percent
release of 1251-substance in September, the absolute amount
of all labelled substance exceed that of the control, and
b) the pattern of labelled compounds in January is peculiar
in that iodo-tyrosines are practically absent.
It should be noted also that there is a tendency
towards an increase in percent thyroidal uptake of 1251
in vivo in those snakes treated with TSH( see Table III a).
These increases are not statistically significant.
b. Short Term Effect
Data on the percent release of various iodinated
substances into the medium, and those remaining in the tissue
after incubation, are shown in Table III-4 and Fig. 111-2.
There is no statistically significant difference in the%
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release of 125I-labelled-substances with TSH treatment between
different months of the year. Nor is there any variation
in the pattern of distribution of labelled compounds in the
thyroid hydrolysates following TSH treatment, except that the
DIT/MIT ratio is increased with TSH treatment in January
compared with that of the control.
Analyses on the pattern of distribution of labelled
compounds released to the media indicated that, in the control
incubation, radioactivity is high at the origin ( especially
high in September and January ); and the relative proportions
of I , iodotyrosines and iodothyronines vary considerably at
different times of the year. Addition of TSH results in:
a) decrease in the radioactivity at the origin, with
corresponding increases in free I in all months
except May,
b) increasing release of T4 in March and MIT in January,
but
c) decreasing discharge of MIT, DIT and T4 in May.
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DISCUSSION
The technique used in this study is derived from that
reported by Murno and his collaborators( Brown and Murno
1967 Ensor and Murno, 1967). Because of the seasonal
V
variations and individual variation, no statistical
significance can be seen between the control and experimental
groups in any season. Pre-treatment with TSH causes, however,
a 100% increase in the in vitro release in September. This
increase with TSH 'pre-treatment of thyroid tissue is minimal
in January. This indicates that the tissue is more responsive
to TSH in September. Thus, when the thyroid tissue was given
short-term treatment of TSH( i.e. addition of TSH into the
incubation media) only in September and May wa3 there evidence
for increased release of labelled substances in the presence
of_ TSH. If increased in vitro release from the thyroid gland
is taken as an index of thyroid activity, the present data
are suggestive that Spring( May) and Autumn( September)
are periods of higher activity of the gland. This suggestion
also receives support from the in vivo percent uptake of the
thyroid gland. The% uptake of 1251 is high amongst the
control groups in September( see Table III-1).
Mason( 1938) has suggested that the response of snake
thyroid tissue to tropic hormone could be used as a bioassay.
However, the relatively low in vitro percentage release of
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1251-compounds, and high variability in the present study
suggest that thyroid tissue of E. taeniura would not be suitable
for the purpose. In contrast to the snake thyroid gland the
rat thyroid is extremely susceptible to the stimulation by
TSH( see discussion by Bott-ari et al., 1963)-
Analyses of the thyroidal 125I-substances released in
vitro in September and January reveal two strikingly different
patterns of thyroidal secretion in tissue pre-treated with
TSH. There is no difference in the pattern of distribution of
labelled substance in September the control and TSH-pretreated
groups, although there is an overall increase in all fractions
in the TSH group. This is because of an increase in the
percent in vitro release'by the latter. This stimulated
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release of I compounds suggests that .TSH probably causes
enhanced hydrolysis of iodinated substances in the follicles
through stimulation of hydrolytic enzymes.
However, TSH shows an obvious stimulatory effect towards
secretion of T4 and I in January. The extremely low
concentration of iodotyrosines suggests that the tropic hormone
may activate the MIT and DIT de-iodinase. These enzymes
have been found in various organs in a number of species of
reptiles( Chiu and Wong, 1975), and are able to separate
I from the tyrosyl residues before hydrolysed iodinated
products are discharged into circulation. The mechanism by
which the tropic hormone might mediate the activity of the
deiodinase remains unknown. It is of interest to note that
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the control tissue also secretes rather low concentrations
of iodotyrosines and high I and T4, a pattern which differs
from- that seen in September. It is therefore suggested
that the snake thyroid might have two patterns of secretory
products: one is dominated by the presence of iodotyrosines,
while the other consists mainly of T4 and I. The latter
pattern is probably ascribed to the activity of iodotyrosine
de-iodinase and is typical of mammalian species.
The effect of short-term stimulation of the thyroid
gland with TSH on the pattern of iodinated substance released
in vitro differs from that seen above( i.e. with TSH Dre-
treatment). Invariably, the tropic hormone reduces the
radioactivity in the origin, except in May, and this indicates
a freeing of protein-bound iodinated substances( thyroglobulin? ).
Concomitantly, there is an increase in free I. with TSH an
increase in T4 release is also seen In Marcia, and iodotyrosines
( mainly MIT) in January. In May, there is no increase in
the I found with TSH treatment, while the radioactivity at
the origin remains high. Furthermore in May the pattern of
1251-substances released with TSH show decreases in NIT, DIT
and T4. The significance of this finding is unknown( see
also below).
The nature ..of protein-bound iodinated substance detected
in the origin of a chromatogram is not known. Haibach, and
Greer( 1974.) reported that incompletely hydrolyzed
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thyroglobulin fragments were released into the circulation
by the thyroid gland, and the radioactivity in the origin in
this study possibly relates to these incomplete hydrolyzed
substances. The iodine component of these substances is
probably mainly free I, and is not associated in such forms
as iodotyrosines or iodothyronines. As the thyroid tissue
comes into contact with TSH for a period of 12 hours, it is
probably justifiable to infer that the early action of TSH
on release of thyroidal iodinates substance is that of
promoting hydrolysis of these.protein-bound iodinated
compounds, resulting-in the discharge of I, and the percent
release in vitro. Given a longer period of TSH treatment, an
overall increase in all kinds of iodoamino acids would probably
have been seen and if the iodotyrosine de-iodinase becomes
activated or available, the thyroidal secretion would consist
mainly at T4 and I( as observed in tissue pre-.treated with
TSH). It should, of course, be noted that in vitro
hormonogenesis may be accompained by concomitant uptake of
1251-substances which have leaked from the tissue probably
.free I and possible MIT and DIT. The-patterns reported in
the present study therefore represent a dynamic balance of
release and uptake, and of hormonogenesis -Ln the in vitro
system. The relative importance of the two processes of
release and re-absorption is not known, but it could be
resolved with double isotopes.
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The iodoamino acid distribution in hydrolysates of
the thyroid slices previously treated with TSH and then
incubated provides some information of in vivo hormonogenesis,
and the effect of TSH*on biosynthesis( bearing in'mind the
fact that some iodinated substances might have discharged).
Through all. seasons, in vivo injection of bovine TSH apparently
causes a kind of resistance in snake thyr oglobulin to the
hydrolysis by pronase as shown by the presence of radioactivity
in the origin of chromatograms from TSH-treated gland. Somewhat
similar results were reported by Berthezene( 1973), namely
that i.p. injection of 10-40 PCi 131I into rats was followed 3
months later by an increase in plasma TSH, and increased
resistance of thyroglobulin to proteolysis. Berthezene was
considering endogenous TSH, however it may have been induced,
whereas the present results are. concerned with exogenous TSH.
Table 111-2 shows an enhancement of free iodide in the
TSH treated thyroid hydrolysates and the incubation medium.
The reasons f'.,r this enhancement are not known and no
explanation can be offered without further investigation.
Apart from the general increase in radioactivity in the tissue
( and hence of all labelled components), the stimulatory
effect of TSH on in vivo hormonogenesis is eviienced by the
significantly depressed MIT percentage in the thyroid
hydrolysates of the TSH pre-treated tissue( p-,--0,02). This
enhancement of hormonogenesis corresponding raises the DIT:MIT
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ratio, an index of successful iodination, in all seasons.
An increase is also seen in the DIT/MIT ratio of
snake thyroid gland hydrolysates'after short-term treatment
with TSH in January, and probably in May. This perhaps
again emphasized the different responsiveness of tissue
towards the tropic hormone in different seasons( being most
sensitive in January) and, perhaps, the variations
between individual snakes.
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Table III -1 The body weight, testis weight and in vivo 125 I uptake % of
the experimental animals in Part III a k Mean-SEM).
Thyroid Glans
No. ofMonth of
125IWeight( mg)Body Weight Testis WeightTreatment In Vivo
( g)animal (g)the year
Relative* uptake percentAbsolute
9.27=2.39 14.59= 3.18414.00=13.93 1.23=0.204 36.85=.8.31Control
May '74
.5 33.76± 1.91 .7.18±1.22 30.13±14.981.68±0.42TSH 509.60±56.33
5.3410.75 35.59= 2.22469.8o±91.05 4.84±1.28Control 22.40= 3.085
September
k6.78± 6.8535.08± 6.63 7.96±1.31456.80±58.96 4.48±0.67TSH 5
44.20± 4.26 18.o1± 2.63549.80 21.96 1.k8=0.29Control 8.1 3±0.615
January'75
2o.o3. 6.15TSH 495.60±40.23 1.L8±0.19 10.44±0.745 53.01+±12.36
Table III-2
In vitro 125I- release of the snake thyroid gland: seasonal responce
to the "long term" of offect of TSH. (125I distribution in incubation.
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Chromatogram developed with B-A-W deccending Bystem for 12 hours.
Gi=Gland Med:=Medium
a=Mean of total redioactivity of media.
b=Nean of total radioactivity of thyroid tissues =10 mean of total radionctivity of chromatogram of thyroid hydrolysates in encn group.
36.89 8.31 87.50 6.57 9.20 1.60
33.76 1.97 37.47 13.95 37.58 15.89
22.40 3.08 29.97 1.85 6.14 3.00
33.08 6.63 36.50 12.65 23.27 9.19
44.20 4.26 18.07 1.01 5.37 2.33
53.04 12.36 22.20 3.31 2.82 1.09
G1
Mad
0.91 0.27 2.14 0.34 35.72 3.75 45.94 0.10 15.27 3.57]
0.51 0.21 4.63 1.17 15.13 3.83 34.47 5.43 45.26 7.82
5.70 1.94 8.97 2.13 22.30 2.55 51.94 3.83 12.01 3.70
2.43 1.51 12.30 11.98 3.78 25.58 5.22 47.71 6.47
0.19 0.09 1.53 0.23 41.27 4.10 32.73 4.09 24.26 2.05
52.19 12.03 25.21 10.42 6.68 2.43 5.30 2.25 10.58 4.91
4.79 1.70 8.33 1.91 31.68 2.62 42.32 4.65 19.24 2.17
53.27 10.51 24.69 4.71 7.4 2.59 8.38 2.53 6.24 2.34
0.14 0.10 2.43 0.51 32.72 2.75 46.18 4.02 18.53 1.62
59.49 9.35 32.26 7.79 1.35 0.76 1.92 0.80 4.98 2.41
0.28 0.09 2.63 0.35 22.4 1.83 53.63 5.38 21.36 3.33




















TalA III -3 The body weiht, testis weight and in vivo 125 I uptake of the
experimental animals in rare 111- b1 (Mean±SEM)
Thyroid Gland
No. ofMonth of
125Treatimenz Rndv Weight Testis Weight I uptalceWeight( mx
(g)( g)animalthe year in vivoRelativeAbsolute
31.45= 4.03 5.18±0.641.77±0..816 623.50= 33..12Control
March 1 74 6.73±0.73433.60± 26.02 30.12± 3.78TSH 1.21±0.095
46.03±16.?9 ?.91=0.93*1.10=0.154Control 551.50=125.87.
May
14 11.82±0.93**495.00± 84.73 1.95±0.51TSH 58.63+14.15
44.54±4,02522,40= 80.60 5.36=1.02Control 27.04 ± 3.97 5.42±0.345
Septembe
4.59 ± 0.56550.80± 63.71 6.10±0.76TSH 31.03±9.1325.88 5.325
49.50± 4.88Control 9.19±1.40 33.62±6.42576.40= 39.90 1.$0±0.145
January'75
703.OO .70.54
8.15 11.50TSH 1.94±0.175 57.52±l4.3l 51.22±3.60
Table III-4 In vitro release of the snake thyroid gland: seasonal response to the
" short term" effect of TSH. (125 I diatribution in the gland hydrolysates




Distribution of 125I (% of total) ratio
Treatment/ Amount of Release of 125I substance radioactivity ratioMonth of ( cpm)
T4/T3
tissue used DITgroup MIT
% a/a+b***
I-the year Origin( mg )
0.2310.9644368
40.84 3.87 39.36 2.20 18.51 4.471.14 0.330.11 0.071.33 0.38 G131.475 4.03. 19.16 5.74ControlMarch ,74 0.4191.254117413.19 5.7613.23 3.75 17.53 3.63
43.00 11.13 12.31 1.24Med-
0.1590.756
13.55 2.88 546743.46 2.83 36.64 1.111.35 0.18
13.31 3.19
.00.80 0.15TSH 30.12 3.78
0.7511.136
14.96 3.73 88623.99 4.9917.00 4.31.15.53 2.74 28.52 5.92
0.2371.1621938
42.10 1.65 18.55 4.324.24 0.750.36 0.35 36.23 2.888.33 1.86control 46.03 16.79 15.47 3.04May
1.1441.3701414
8.48 1.93 11.692 4.23 23.00 1.6532.18 4.85 24.72 3.90
.33
0.1641.371679
46.70 3.85 13.23 30.69 0.18 33.95 5.985.41 0.468.36 1.5719.89 2.38TSH 58.63 14.15
1524 1.4791.5204.21 1.29 10.32 5.142.77 0.5754.90 7.44 27.80 3.09
0.3300.926
24.26 2.67 396891.83 0.190.46 0.15 38.12 1.95 35.31 3.846.24 1.89control 27.04 3.97 26.35 3.89September
.0.7290.409266598.24 4.678.02 6.558.10 2.125 3.58 1.8870.54 12.59
0.841 0.31140.71 1.76 34.23 2.42 23.29 4.07 307251.45 0.450.20 0.11TSH 5.33 2.6625.88 5.32 29.53 3.53
17588 0.118 0.8461.16 0.40 9.31 3.7844.87 11.61 34.81 5.59 9.85 3.34
0.2860.764
January, ,75
43.00 4.22 32.83 4.13 21.66 1.76 73031.57 0.481.79 0.9749.50 4.88 25.27 5.71 6.48 1.60Control
0.2458.95 4.42 2.60 1.701.67 1.4274.85 6.89 11.73 2.06 5.3603868
1.359 0.25344.88 6.31 19.68 2.68 101060.71 0.36 2.75 0.94TSH 33.03 4.843.43 0.7557.52 14.31 17.93 3.12
5399 0.1566.39 2.59 13.35 2.37 2.08944.57 6.22 32.40 3.11 3.07 2.03
.Chromatogram develped with B-A-w descemdomg system for 12 hourre.
.G1=Gland Med =Medium
...a=Total radioactivity of medium
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Fig. III - 1 In vitro percent thyroidal secretion of iodinated substance :
seasonal response of the thyroid gland to " long term " bovine TSH treatment.
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Fig. III - 2. Seasonal response of the thyroid gland to " short term " TSH treatment:
in vitro percent 125I release. ( TSH treated ; Control ).
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PART FOUR
THE EFFECT OF HYPOPHYSECTOMY, REPLACEMENT THERAPY AND




The results obtained in Parts II and III (in which
TSH was administrated to snakes before or during incubation
of the thyroid tissue) strongly suggests that the snake
thyroid gland comes under the influence of the trophic hormone
(TSH). Another way of studying. the TSH-thyroid relationship
is to deprive the animal of TSH (thus rendering the thyroid
gland inactive) before incubation of thyroid slices. Thyroid
inactivation can be achieved. either by hypophysectomy or by
treatment with a goitrogen.
It is well established for mammals that hypophysectomy
greatly reduces, but does not entirely stop, iodine metabolism
of the thyroid gland( Taurog, Tong and Chaikoff, 1958a)
Formation of iodotyrosines and iodothyronines can be found in.
the thyroid gland of the hypophysectomized rat, and this is
referred to as intrinsic activity, or automony of the gland
itself( Purves, 1964). Hypophysectomy is accomplished by
progressive histological change in thyroid gland. Replacement
therapy in these hypophysectomized animals with exogenous TSH
restored all processes of iodine metabolism to normal( Taurog,
Tong and Chaikoff, 1958b).
In reptiles hypophysectomy also causes a regressive
histological change in the thyroid gland( see review by
Lynn, 1970), a marked reduction in radioiodine uptake by
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the thyroid gland( Nussbaum, 1963 Licht and Rosenberg,
1969; Chiu, Lynn and Leichner, 1970 Chiu and Philips,
1971), and a reduction in T4 synthesis( Licht and Rosenberg,
1969).
In the early 1940's sulfonamides and thionarnides were
regarded as two important series of antithyroid drugs
( Mackenzie, Mackenzie and McCollum, 1941 Astwood, Bissell
and Huges, 1945). Both drugs are reported to be effective
in interrupting the binding of iodine in the thyroid
peroxidease-icudinium complex through oxidation( Greer, Kendall
and Smith, 1964 Morris and Hager, 1966). These drugs may
also cause failure of hormonogenesis, increased TSH release
(vide Taurog, 1974) promotion of 131 I-labelled-substance
release( Onaya, Yamada and Halmi, 1973, and inhibition of
peripheral activity of the hormones( Ruegamer, Richert and
Westerfeld, 1972).
Treatment with goitrogens decreases the uptake of
radioiodine by the thyroid of many species of reptiles
( vide Lynn, 1970). However the gland treated with goitrogens
shows, histological signs of increased activity, with the
exception of Lacerta sp. which apparently is very unreactive
to the goitrogen.
Experiments described in this part concern the biosynthesis
and/or release of thyroidal iodoamino acids in vitro using
thyroid tissue from (i) hypophysectomized animals and (ii)
intact animals treated with the goitrogen,- thiourea.
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Section 1: The Effect of Hypophysectomv and TSH Replacement
Therapy on:
MATERIALS AND METHODS
Forty mature male striped racers weighing from 300-
700 g. were purchased locally in late February, 1975( Table
IV-1). All the snakes were kept in a constant temperature
room at 22°C witha 10 hour photoperiod. Water was provided
ad libitum but the-snakes were not fed.
The snakes were anaesthetized by an i.p. injection of
1.5 mg nembutal.( Abbott Lab.)/ 100g. body weight. Hypo-
physectomy was performed by means of a dental drill, and gentle
suction was applied in removal of the gland( Drager, 191+9).
The hypophysectomized snakes were treated as follows:
a. Radioiodine uptake in vivo and 125 I-labelled substance
released in vitro.
Immediately following hypophysectomy, 40 uCi 125 I
were injected i.p. into 5 snakes to study the in vivo uptake
and in vitro release of 1251 substance (See Part III, pp. 54-
73). Ten days afterwards, these labelled snakes were
sacrified as described in Part III. Measurement were made of
the% in vivo 1X5I uptake with reference to the injected 125I,
and of the subsequent% in vitro release of labelled substance.
Two more groups of 5 operated snakes were injected
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with 40 uCi 125I at 10 & 30 days after hypophysec tomy, and
these snakes were killed ten days later( i.e. 20 & 40 days
respectively after hypophysectomy) for similar analyses.
b. In vitro uptake and hormonogenesis.
Ten, twenty and forty days after hypophysectomy,
groups of 4 or 5 snakes were sacrified. In vitro radioiodine
uptake and hormonogenesis in the thyroid glands of these
hypophysectomized animals were examined as described in Part
II ( PP 34-53).
c. In vitro uptake and 125 I and hormonogenesis following
TSH replacement therapy on hypophysectomized snakes.
Four hypophysectomized snakes survived to 35 days
after operation and were given bovine TSH'therapy at 5 USP
units( N1H-TSH-B7)/ animal daily for 5 days.. The in vitro
125I-uptake and hormonogenesis of the thyroid gland of these
TSH- treated animals was examined as described in Part II
( pp. 34-53).
At autopsy, the snakes heads with the portion adjacent
to the brain was fixed in. situ in alcoholic Bouin's fixatives,
decalified, embedded in paraffin and serial sectioned for
histological examination to ascertain whether the pituitary
has been completely removed.
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RESULTS
Out of the forty hypophysectomized snakes, six died
before the experiments were completed another four snakes
which.showed incomplete hypophysectomy in iistological examin-
ations were omitted from the collected results. The actual
number of experimental animal in each group is indicated in
Tables IV-1 & IV-3.
a) Radioiodine uptke in vivo and 125 I-labelled substances
released in vitro.
The results are shown in Tables IV-1 and Figs 1, 2 & 3
Control results for intact (non-hypophysectomized) snakes.
has been transf eyed from Table III-4 for reference
Unfortunately no control results are available for in
vivo uptake of 1251 by the thyroid gland.
There is no difference, either in percentage in
vitro release of 125I substances or in the actual subat-
ances labelled with 125I in the-gland hydrolysates,
between-the control snakes and the ten day hypophysectomiz-
ed group (Table IV-1). The percentage of total radio-
activity'at the origin of chromatograms is significantly
depressed in the incubation medium of thyroid tissue from
hypophysectomized snakes, but labelling of iodo-thyronine
was not depressed. Labelling of MIT and DIT was depressed
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though the effect was not statistically significant.
Twenty days after hypophysectomy, as shown in Table
IV-1,. there was a significant depression in the in vivo
thyroidal 125 I-uptake, compared with the results for 10
days. In the gland hydrolysates of the operated group (
Table IV-2), the 125 I-iodothyronine level, as a percentage
of the total, is significantly depressed (cf. control and
10 days data p(0.05). A decrease in 125 I DIT as a percentage
of the total radioactivity is apparent though it is not
statistically significant. The percentage of radioactivity
released in vitro to the incubation medium is markedly
enhanced in comparision with the animals which had been
hypophysectomized for only 10 days (cf. 10 day hypophysect-
omy p<0.02 intact control N.S.). Furthermore- the 125I-
iodothyronine level is significantly depressed when
expressed as a percentage of the total radioactivity (cf.
intact control p<0.02 10 day hypophysectomy p<0.01). There
was no difference in the other iodo-compounds. However, in
terms of actual counts (cpm) the release of all labelled
iodo-amino acids from thyroid tissue of the hypophysectom-
ized snake is greatly suppressed.
No further depression of the in vivo 125 I uptake is
apparent in the 43 days hypophysectomized snakes as compared
with 20 days. However, there is an increase in the% in
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vitro release of labelled substances. Analysis of the gland
hydrolysates suggests a. decrease of 125I-iodothvronine
accompanied by a similar depression of 125I-DIT formation.
The decline in DIT: MIT ratio indicates that hypophysect-
omy of prolonged duration suppressed iodination in thyro-
globulin synthesis. The quantities of labelled MIT and DIT
progressively decreased in the incubation medium when
expressed as a percentage of the total radioactivity.
Moreover, no further suppression of thyroxine release is
evident in percentage of radioactivity released in vitro
in the "40 days" animals compared with the 2,0 days
animals (Table IV-2). The radioactivity at the origin
of the chromatograms, of incubation medium for the 40 days
group is similar to that for the 20 days group, when
expressed as a percentage of the total radioactivity.
Conclusively, hypophysectomy disturbed significantly the
pattern of 1251-labelled substances which remained in the
thyroid as well as that released into the media. Thus, the
components of the gland hydrolysates showed steady increased
in I, MIT T4 and a decrease in DIT. Decrease in the DIT:
MIT ratio was also shown. In the media there was a decrease
in the iodoamino acids, especially 40 days after hypophy-
sectomy, when a large quantity of I was present however.
The data strongly indicated that iodothyronine synthesis
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was impaired in the hypophysectomized snakes.
b. In vitro uptake and hormonogenesis.
Data obtained are shown in Tables IV-4 & Fig.
IV-4 together with comparable data for the intact
animals in March, 1975 (Table II-2). Hypophysectomy
decreased to by about 50% of the in vitro uptake after
20 days. Further decrease was observed after 40 days.
No apparent decrease was seen in the 10 days following
hypophysectomy. Whereas the absolute amounts of labelled
substance were decreased, the pattern of distribution
of these labelled substance remained unchanged. The
overall rate of hormonogenesis was slowed down in the
absence of the pituitary gland (Table IV- 4)
c, In vitro uptake of 125 I and hornionogenesis following
'TSH replacement therapy on hypophysectomized snakes.
Data obtained are shown in Table IV-4 & Fig.
IV-4. TSH markedly increased in vitro uptake compared
with intact animals and hypophysectomized animals.
This increase was seen in the overall increased amount
of labelled substances in the thyroid, gland, and in the
pattern of distribution of individual labelled substances
in the gland. Both of these parameters were different
from those obtained for hypophysectomized animals (
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Fig. IV-k). With TSH therapy, there was an increase in the
iodotyrosines (MIT+ DIT) and in the "origin", and a corres-




a. Radioiodine uptake in vivo and 125I-labelled substances
released in vitro
The depression of in vivo thyroidal 125 I uptake
following hypophysectomy found in this study confirms
the results reported in' the lizards Anolis (Nussbaum, 1963
Licht and Rosenberg, 1969) and Gekko (Chiu and Philips, 1971
a,b) and in rats (Taurog et. al., 1958a). Ten days after
hspophysectomy, the percent 125I uptace in the snake
reaches 13.93±2.93 by 20 days and.40 days, the uptake
percentage is further reduced to 3.97±0.84 and 3.62 0.84
respectively. Furthermore, prolonged duration of hypophy-.
sectomy does not cause an unlimited decline of radioiodine
uptake, for the in vivo 12.51 uptake percentage of those
snakes sacrified 20 40 days-after hypophysectomy is very
similar. It may be concluded that 20 days after hypophy-
sectomy, the snake thyroid gland is probably depressed to
a level of its own intrinsic activity.
There was no significant change in the thyroid
weight in the operated animals following hypophysectomy.
In contrast, a significant regression of testicular weight
occurs in the hypophysecton ized snakes for 20 to 40 days
(Table IV-3). This latter finding confirms the work'by
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Licht and Pearson (1969) on the lizard Anolis carolinesis.
The disturbance following :hypophysectomy on the
pattern of 125I substances in the snake thyroid resembles
results from early work on rats (Taurog et. al., 1958 a)
there is a steady increase in I-, DIT and T4. It should
be noted that decrease in DIT synthesis and T4 coupling
following hypophysectomy has been suggested in Anolis
Licht and Rosenberg, 1969). The low rate of thyroxine
formation following hypophysectomy is believed to be
related to an abnormal sensiti-7ity of thyroglobulin from
Ytypophysectomized rats to disaggregating influence in
dialysis (Rosenberg and Cavalieri, 1969). Increases in
the MIT fraction, but not in DIT, in the thyroid of hypo-
physectomized rats is indicative that'the effect of hypo-
physectomy is more on the conversion of MIT to DIT than
on the formation of MIT (Taurog, 1974).
The decline in the DIT: MIT ratio in this study
also suggests that the thyroid status of the snake after
hypophysectomy is similar to that in the mammal. It should
be pointed out that the pattern of distribution of 125I-
substances in-the hydrolysates after'incubation does not
necessarily match that of in vivo biosynthesis of the
gland, as some components would have been discharged during
incubation. (see also discussion in Part III, and Chiu.et,
al., 1975)
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There is increased release of 125I-substances and
this is reflected on the med: a, thE. appearance of large
quality of Iw correspondingly there is a decline in both
iodo-tyrosines and iodo-thyronines secretion in the media
with especially the 40 day hypophysectomized animal. Appar-
ently hypophysectomy facilitates release from the thyroid
slices. Two factors are worthy of consideration, however.
Firstly, the unusually high level of I released, and
secondly the usually high level of I- (relative to other
X5I-substances) in the gland mc.y be due to the failure of
organic binding of certain entrapped 1251 in the thyroid.
The simple diffusion of these entrapped 1251 from the
thyroid gland reaches a high proportion which might
account for the increase in percent release.
b. In vitro uptake and hormonogenesis
As in the in vivo 125 I-uptake, the in vitro 125 I
uptake of thyroid glands from hypophysectomized snakes is
reduced, except in the 10-day group (E ee Table IV-4). This
inhibitory effect increases with the duration of hypophy-
sectomyo For example, 125 I-uptake is decreased by about
50% in the 20 day hypophysectomized group compared with 10
day hypophysectomized group) shows a further reduction of
about 10% only.
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The pattern of the distribution of 125 I-labelled
resulting from in vitro biosynthesis is different from
that occurring in vivo in hypophysectomized animals. There
is a general decrease in all fractions of iodoamino acid,
including MIT. Only free I shows an increase. The results
obtained from this in vitro study suggested that there is
an overall reduction in hormonogenesis in an inactive thyroid
incurred by hypophysectomy resulting in low levels of MIT,
DIT & T4, and a high level of I Furthermore, the apparent
increase in MIT as seen in gland hydrolysates above( Part
Four, Section I ) is probably due to the differential rate
of release DIT or Tkversus MIT into the media. In this
context, the ratio of MIT in the medium to that in the gland is
small compared with those of DIT & T4 '3specially in the 40
day hypophysectomized group.
c. The hypophysectomized snakes following replacement therapy.
This suggestion concerning the effect of hypophysectomy
on hormonogenesis receives support from data obtained with
TSH therapy to 40-day hypophysectomized, snakes, which show
an enhancement of 125I uptake percent by the thyroid and
an increase in various iodoamino acids. A decrease in I is
observed. The overall biosynthesis of iodoamino acids appears
to have recovered to a slightly higher level than those in
the intact controls, a situation which strongly resembles
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the results of replacement therapy in hypophysectomized rats
( Taurog, Tong and Chaikoff, 1958b ).
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Table TV-1 The body weight, testis weight, thyroid weight and in vivo 125I-
uptake of the experimental animals in Table IV-2
No. of Thyroid Gland
Treatment Body Weight Testis Weight
animal ( g )
Absolute wt. Relative wt.* in vivo
( mg ) (mg/100g B.wt.)125I uptake%
10d-hypec. 5 607.20 40.81 1.74 0.07 37.68 6.22 6.30 0.91 13.93 2.93
20d-hypec. 4 405.50 42.43 1.20 0.07 32.05 4.38 7.88 0.91 3.97 0.84
40d-hypec. 5 367.60 43.39 1.00 0.12 27.64 7.41 7.52 1.06 3.62 0.84
relative thyroid weight = weight in mg / 100 g. fat free body weight.
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Table IV-2 Effect of hypopnysectomy on the
125I - RELEASE OF THE THYROID GLAND AND THE 125 I-
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Table IV-3 The body weight, tewtis weight and thyroid weight of the experimental
animals in Table IV-4. ( Mean SEM )
No. of Thyroid Weight ( mg )
Treatment Body Weight Testis Weight
animal ( g ) ( g ) Absolute Relative
(mg) (mg/100g.B.wt.)
10d-hypec 4 486.25 42.25 1.65 0.06 32.05 5.84 6.75 1.28
20d-hypec 4 383.50 38.40 1.32 0.24 22.15 4.38 5.76 0.66
40d-hypec
4 436.75 75.78 1.13 0.13 34.20 6.19 7.93 0.35
40d-hype+
TSH
4 422.50 27.86 1.24 0.23 39.10 4.01 8.97 0.94
Intact 6 634.67 72.46 1.25 0.20 34.77 2.66 5.83 0.41
relative weight= mg/100 g. fat free body weight.
From March, 1974 ( Table II-2 ) for reference.
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Table IV-4 Effect of hypophysectomy and TSH replacement therapy on the 125I-uptake percentage
and hormonogenesis of the thyroid gland. (Mean SEM )
Mean DIT: T4/T3:ChromatogramThyroid Gland
radio- MIT125No. of MIT
Distribution of 125 I (% of total)I up takeAmount of activityTreatment +DITin vitrotissue
( cpm )animal






4 42.852.71 12.251.23 5.73 8197 0.885 0.07110d-hypec. 79.7532.05 37.94
15.18 0.60 0.38 1.002.37 1.811.005.84
420d-hypec. 22.15 1.231.62 46.20
6.93 4208 0.786 0.084
33.45 9.27 36.32
1.074.19 0.28 0.38 1.254.38 3.06 3.01-
4 20.66 0.6340d-hypec. 1.70 18.66 4.04 1709 0.897 0.05434.20 39.47 35.40
0.12 0.586.19 0.384.653.39 2.94 4.32
40d-hypec.
.4




+ TSH 0.714.01 10.86 3.04
.6Intact 40.45 65.72 1.96 0.82 27.44 2.32 906437.26 32.16
0.863 0.033control 0.155.13 22.32 0.50 0.335.52 5.62 2.92
















Fig. IV- 1 The effect of duration of hypophysectomy on percent 125I-release of

















Fig. IV- 2 125I distribution in the thyroid hydrolysates of the (a) intact animals
from March control data of Table III-4 ; (b) 10 day hypophysectomized snakes ; (c)
20 day hypophysectomized snakes and (d) 40 day hypophysectomized snakes after 12 hr


















Fig. IV - 3 The distribution of 125I in the medium of 12 hour release study
incubation. ( Intact data is transfered from the March control data of Table

















40DAY Hypec + TSH Replacement
Therpay
DISTIBUTION OF 125I
Fig. IV- 4 Effect of hypophysectomy and TSH replacement therapy on hormonogenesis
as exemplified by distribution of 125I in the thyroid gland hydrolysates.
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Section Two: The effect of thiourea on the in vitro radio-
iodine uptake and h.ormonogenesis
MATERIALS AND METHODS
In March, 1974. nine mature male snakes were i.p.
injected daily with 0.1 ml 10% thiourea aqueous solution/
100 g body.weight for 5 days. Four other snakes received
an equal volume of distilled water and served as controls.
In vitro hormonogenesis and 125/I uptake were investigated
as described in Part TI (pp.34-53). The effect of bovine
TSH,0.1 USP unit per ml to the incubation medium of
hormonogenesis and 125/I uptake were also examined in thyroid
gland of 5 thiourea-treated snakes (see Table IV-6) The
experiment was repeated in September, 1974.
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RESULTS
The data on percent 125I uptake and relative percent
of labelled compounds formed are shown in Table IV-6. In
March, neither previous treatment with thiourea nor adminst-
ration of TSH to incubation medium of these thiourea-treated
snake thyroid slices, showed that any significant difference
in 125I uptake. The apparent decrease in-thiourea-treated
slices is ascribed to variation in amount of tissue used.
The pattern of1251 substances synthesized in the control
is unusual, in that month there is a high concentration of
free iodide and minimal T4, a pattern which is comparable
to that seen in the June incubation, Part II-Table II-22
the% uptake is also similar.
Data for thyroid slices pre-treated.with thiourea
showed an-enhanced concentration of free 1251 which reached
95% of the total radioactivity: the amount of iodotyrosines
was greatly reduced. With the administration of TSH organic
binding of iodide is increased, mainly of the MIT fraction,
with a corresponding decrease in free iodide, the T4 level
in all hydrolysates is very low. The data suggests that TSH
has a 'stimulatory effect on hormonogenesis in vitro (e.g.
on conversion of I- to MIT) if the thyroid t:.ssue were made
inactive with goitrogen.
In September, similar incubation studies failed
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to show any effect on either 125/I uptake and hormonogenesis.
Pretreatment with thiourea did not inhibit iodoamino acid
synthesis, nor did addition of TSH in vitro stimulate iodo-
amino acid synthesis. It should be note that in both the
glandular 125/I uptake percent and the pattern of in vitro
hormonogenesis, data from the control and experimental
incubation show similarities with those obtained in the
seasonal study experiment in September (Part II Table II-2).
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DISCUSSION
In general, adminstration of anti-thyroid drugs can
stimulate the growth of the thyroid gland by depressing the
circulating thyroid hormones and augmenting the endogenous
TSH secretion--- that is the main reason for the name of
goitrogen. which is given to this group of drugs( Greer,
et al,, 1964 ;Yamada, Ka jihara, Takemura and Onaya, 1974).
Other than this general stimulatory effect on growth, the
manne in which the goitrogen depresses circulating thyroid
hormones depends on the type of goitrogen. One of the well.-
known goitrogen. thiourea, which was used in this study,
has for a long time been regarded as an inhibitor of hormono-
genesis.hut not of iodine accumulation( Astwood, 1949).
Recently the action of this drug on hormonogenesis is suggested
to be inhibiting peroxidase- catalyzed iodination( Taurog,
1970).
Data collected in March of 1974 strongly indicates
that thiourea probably acts on hormonogenesis, as reported
in the-higher-vertebrates.,.by interrupting the biosynthesis
of iodoamino acid especially on MIT DIT( Yamada et al.,
1974). For example, thiourea inhibits organification
of iodine, as (evidenced by tho iodotyrosine I ratio
( e.g. thiourea-treated v.s. control= 0.05:0.42) and also
the MIT: I ratio( 0.03:0.22). TSH somehow restores the
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biosynthetic capacity of the thiourea-treated thyroid
tissue to normal. This is shown by the ratios of iodo-
tyrosine: I, as well as MIT: I in the control and TSH-
treated groups, between which no significant difference can
be observed. The DIT/I- or DIT/MIT ratio is lower in TSH-
treated tissue than in the control.
Experiments performed in September, 1974 gives a quite
different picture from that seen in March. There is no effect
of thiourea on in vitro 1X51 uptake or in vitro hormonogenesis,
nor there is any in vitro effect of TSH on the thiourea-
pretreated tissue. The reason for the failure of the drugs
in this experiment remains to be found. The possibility that
excess iodine-in*snake thyroids may override or inhibit the
thiourea effect has not been established in the present study
( c.f. Yamada and Sh.ichyo, 1962). As the total iodine and
free I contents are greater in March than in September( See
Tables 134). It should be noted that the pattern of
distribution of 1251-substances differs as between the 2
control groups in March and September. The pattern obtained
in March differs also from that reported in Part Two, Section
I.( Control data of March in Table 11-2), and in view of
relatively high concentration of I-and low T4,it is indicative
of low activity thyroids. Although the factors due to season
or inactive status of the thyroid gland. is still not known,
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thiourea treatment renders the. gland more inactive. It is
apparent only when the thyroid is in an extremely inactive
condition that TSH is shown to be. effectively stimulatory
in vitro on glandular uptake and hormonogenesis.
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Table IV -5 The body weight, testis weight and thyroid weight of the experimental
animals in Table IV-6.
No. of Thyroid Weight ( mg )
Month Treatment Body Weight Testis Weight
animal ( g ) ( g ) Absolute Relative
Control 3 499.67 55.42 1.90 0.60 35.13 6.10 7.30 0.65
March Thiourea 4 463.00 75.90 1.76 0.51 30.45 5.63 7.23 1.23
Thiourea +
TSH
5 416.00 56.00 1.30 0.34 21.30 3.41 5.50 0.75
Control 4 510.75 60.12 6.15 1.98 31.23 9.25 6.11 0.64
Sept.
Thiourea 5
493.80 66.28 6.12 1.32 30.68 5.70 6.24 0.54
Thiouroa +
TSH
4 607.25 39.92 5.78 0.58 37.20 2.40 6.37 0.74
relative weight = mg/ 100g. fat free body weight.
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Table IV -6
The offect of Thiourea on the in vitro 125I- uptake and hormonogenesis



































35.13 6.10 7.30 0.65
30.45 5.63 7.23 1.23
21.30 3.41 5.50 0.75
31.23 9.25 6.11 0.64
30.68 5.70 6.24 0.54
37.20 2.40 6.37 0.74
0.46 68.94 15.44 14.30 0.86
0.14 9.11 4.24 4.58 0.34
0.04 94.30 3.07 1.72 0.88
0.04 0.62 0.40 0.41 0.36
0.50 71.22 19.84 6.88 1.05
0.14 10.24 6.68 3.20 0.54
1.34 8.76 57.08 26.93 5.52
0.59 1.28 5.69 3.98 0.99
0.54 5.80 58.25 28.50 6.92
0.13 1.24 7.19 5.17 2.19
0.64 6.00 57.49 27.94 7.93









1. The thyroid gland of the striped racer snake, Elaphe taeniura,
shows variation in its activity during different times of
the year:
a. There was no significant difference in total iodine content
throughout the four sampling periods. However, the free I
content was significantly higher in March and December.than
in May end September. Furthermore in March and December,
there is a high level of free I co pared with iodoamino
acids, a fact which indicates low glandular activity.
b. In vivo in vitro thyroidal 1251-uptake is low in the
months of March June, but is high in May, September
and January. There is also an indication of increased in
vitro release of thyroidal substances in September.
c. The pattern of in vitro biosynthesis of hormone in Mar h
a4d June, when the gland is inactive is characterized
by relatively high I low DIT T4, and the DIT:MIT
ratio1. The reverse is true in May January when the
glandular activity increases. The DIT:MIT ratio is greater
than 1, except in September when this ratio is depressed
for the enhancement of DIT coupling to T4.
d. The 'nature of thyroidal iodoamino acids released in vitro
indicates that apart from I, both iodotyrosines and iodo-
thyronines are present, and the pattern are of an excess
in iodotyrosines over iodothyronines in March, the reverse
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being true in May. Approximately equal amounts of iodo-
tyrosines and iodothyronines are discharged in September.
The relative concentrations of these iodoamino acids is
probably regulated by the deiodinat:_ug mechanism in the
thyroid gland. when this system is activated( the
mechanism of activation is not known), the thyroid
secretion will be dominated by iodothyronine( e.g. in
January: Part III, Table III-4).
2. In view of the. strong evid enc a for seasonal variation, any
conclusion concerning the regulatory role of TSH on the
thyroid gland that is derived from experiments conducted in
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any one season or time of year cannot be properly compared
to data derived from another season. Neither will there be
agreement as to whether there be a response of the gland
between different times of year nor, if' there is any, will
the response be tho same. This :nay account for some of the
controversies on the role of hormones among reptiles, and
perhaps in other lower vertebrates too.
3. The patterns of distribution of.1271 and 1271-aminoacids in
the snake thyroid gland in different seasons of the year are
not in harmony with the patterns that emerge from experiments
using 1251 when the gland has been labelled for 10-12 days
( Part I- III). This is due possibly to the slow turnover
of iodine in the snake thyroid gland which therefore limits
the equilibrium of the newly entrapped 1251 with the existing
1271 pool.
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4. Long-term administration of TSH to the snake invariably
increases the activity of the thyroid gland, while short-
treatment with TSH added in vitro may not show clearlyterm
defined stimulatory responses, nor seasonal dependence.
However, the stimulatory effect of TSH on hormonogenesis
in vitro can be demonstrated within 1 hour.
5. The stimulatory effect of TSH on the thyroid gland may be
demonstrated as follows:
a. In vitro uptake and hormonogenesis:
J, increases in percent uptake of iodine.
ii. decrease in free I,
iii.'increases or decreases of MIT,
iv, decrease of DIT T4.
b. In vitro release of thyroidal substances:
i.increases in percent release from the gland.
iio increases in discharge of I and all iodoamino acids,
iiio increases in the relative proportions of iodothyronine
secreted( c.f. iodotyrosine), possibly through
activation of the iodotyrosine de-iodinase,
iv, decreases in discharge of. origin material( i.e.
protein-bound iodine).
c. In vivo effect of uptake and hormonogenesis similar to
that in vitro.
The stimulatory effect of the. tropic hormone studied
by the in vitro method is complicated by the flux of labelled
108
substances, that of I in particular, such that uptake
and release cannot be readily considered separately.
6. Hypophysectomy inactivated the thyroid gland as judged by
the reduced in vitro uptake and hormonogenesis, and by
the fact that TSH therapy can restore the activity of the
gland. Hypophysectomy increased the discharge of labelled
substance, and this reflected in the relative increases in
"origin" material and decrease in MIT, DIT and T/4. No
explanation can be offered for this finding.
7. Thiourea inhibits organic binding of iodine and results in a
decrease of iodotybosines and iodothyronines. This inhibitory
effect appears to be seasonally dependent.
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Appendix A I: Kinetic studies on the Effect of bovine TSH on
the Activity of the Thyroid Glad.
INTRODUCTION
The stimulatory effect of TSH, either injected
in vivo or added in vitro to thyroid preparations, is well
known in most laboratory animals. In his recent review on the
thyroid stimulating hormone - TSH , Tong ( 1974 ) summarized
the results of kinetic studies on the stimulatory effects
and the thyroid responses : from 2 min to 48 hours, TSH is
reported to stimulate the thyrcid gland and a similar
stimulatory effect has been demonstrated for in vitro systems
within 30 minutes. However, no kinetic studies have been
made on the effect of TSH on the snake thyroid are gland;
and therefore an attempt is made to do so here, as a
contribution toward understanding the stimulatory effect of
TSH on the lower vertebrates.
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MATERIALS AND METHODS
W In vitro e'I-uptake and hormonogenesis:
.In August 1974, 18 mature male striped racers were
obtained and sacrified upon arrival in the laboratory. The
body weight, thyroid weight and testis weight were recorded.
( Table AI-1). The snakes were divided radomly into 9 groups
of two snakes each. The two thyroid glands of each group-were
removed and divided into approximate 5 mg slices. These
slices were divided randomly into two groups for incubation
in the presence of 20 Ci carrier free 1251( 2adiochem. Ctr,.,
Amersham): the control and the TSH-treated( 0.1 USP unit TSB/.
ml incubation medium) group. Incubation time ranged from 1
to 24 hours( See Table AI- 1). Analyses of 1251-uptake
and hormonogenesis were performed by methods as described by
Chiu et al.,( 1975)•
.(ii) In vitro thyroidal secretion.:
Four male striped racers were each labelled with 40
Ci carrier-free 1251 for 10 days. At autopsy, the body weight,
thyroid weight, testis weight, fat weight and the in vivo 1251-
uptake percent of the thyroid gland were recorded( Table AI..3).
After pre-incubation, the time curve of in vitro thyroidal
release of iodinated substances was examined according to the
method as described previously by Chiu et al.,,( 1975.), with
modification on the method of sampling media as reported for
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the release kinetic study of corticosterone by Vinson( 1966).
From each sample of incubation medium, aliquots 1 .ml were
withdrawn. after 1, 2, 4, 8 and 16 hours of incubation ; these
were dried. under N2 as described for chromatographic analysis
and were replaced with fresh 1 ml KRPG with or without TSH.
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RESULTS AND DISCUSSION
(i) In vitro '25 uptake and hormonogenesis:
The data in Table AI-2 show that the process
of iodoamino a-.id synthesis can be probably.divided into
three phases( fig. AI- 1)
1). 1-2 hours of incubation: the early period during
125I-uPtake percentage is enhanced by TSH. The label-
led iodoamino acids, MIT DIT, are increased under
TSH during 1 hour of incubation. This is followed by
.,an enhancement in thyroxine synthesis with a con-
comitant decrease in MIT after two hours incubation
with TSH.
2). 4-8 hours: this is characterized by a depression in
thyroidal 1X5I-uptake in the presence of TSH, and
there is no increase in the T4 level. A decrease in
MIT and increase in DIT fractions occur under TSH
treatment compared with the control, except those
pattern of incubated for 8 hours, when the reverse is
true.
3). 10-12 hours incubation: there is fluctuation in iodine
uptake but, never the less, a consistent pattern of
iodoamino acid synthesis with TSH treatment. This
pattern is exemplified by an increase in T4 DIT
.and by y-a decrease in MIT, compared with the control.
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Throughout the whole incubation period, the
radioactivity at the origin of the chromatograms con-
stituted only a negligible fraction. The percent uptake
of 1251 •of the control group showed a progressive increas
with time, and the free I concentration decreased with
the presence of the tropic hormone.
(ii) In vitro thyroidal release:
The time-course curve of in vitro secretion by
1251-prelabelled snake thyroid gland showed that hte
release of 1251-substance into the in vitro system is
progressively enhanced in the presence of bovine TSH
in the incubation medium( fig. Al- 2).
Analysis on the substances released into the
medium( Table AI- 4) revealed the presence of thyro-
xine as early as 1 hour after incubation under bovine
TSH,, There was no DIT however in either TSH and control
groups.
Increases in i odotyrosine and iodothyronine,
and a decrease in label at the origin are generally
observed in the pattern of distribution of 1251-
substances in the TSH added media compared with the
control. Howeve.i-, an opposite pattern is demonstrated
in the media of a 16-hour incubation. It shduld be'
noted that the radioactivity is low in the aliquot of
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medium( 1 ml) withdrawn for chromatographic analysis,
and it is concentrated- at the "origin". Slight variation
in.any component of the labelled iodoamino acids might
distort the pattern of distribution of the labelled
substances.
The data on the 1251 uptake and hormonogenesis
obtained in this study indicates that the in vitro
experimental approach is successful and that bovine
TSH is stimulatory. As would be expected, variation
exists between the thyroid tissue from different snakes,
and this is reflected in the analysis of different
incubations at different time intervals. This variation
may account for the data obtained after an incubation
of 8 hour. That thyroid slices from-two snakes were
pooled and used to study the effect of TSH in this
study may minimize this variation. It has been pointed
out that the in vitro radioiodine metabolism of the
thyroid slices depends on how the successful of the
incubation is( Taurog, 1974).
The DIT:MIT ratio is usually regarded as an
index of thyroxine synthesis( Taurog, 1974) while the
iodotyrosine:iodothyronine ratio are useful in
assessing the thyroid status a decline of iodotyrosine:
iodothyronine ratio shows that the equilibrium of radio-
iodine is more complete (Van Middlesworth, 1956).
The tendency toward a increase in T4/( MIT+DIT) ratio
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in the present study as incubation proceeded strongly
suggests some kind of. equilibrium.
In the present study, the data showed that TSH
stimulates in vitro 1251 thyroidal uptake during a short
period after incubation( 1- 2 hour). This short-term
stimulation of TSH( ref. Part II) is unexvected. It
is followed, however, by fluctuation in both percent
uptake and in the pattern of hormonogenesis during the
subsequent incubation period in the presence of TSH.
By the twelfth hour of incubation, the effect of TSH on
.hormonogenesis is recognized, although no significant
increases in-percent uptake can be seen. This reflects
an increased rate of release over that of uptake and
hormonogenesis.
As shown by Fig AI- 2, the secretion from
pre-labelled snake thyroid gland is progressively
enhanced by in vitro TSH. The secretion of newly entrap-
ped iodide could interfer with the pattern of this kinetic
curve and would be complicated by the heterogenity of
thyroid iodine turnover( Schneider, 1964 Kobayashi,
Greer and Allen, 1974). Furthermore, the pattern of
the in vitro uptake curve would also be affected by the
rate of release of labelled substance.
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From the nature. and pattern of the labelled
substances formed and released, and the difference in.the
percent release between TSH treatment and control, it is
considered that a 12-hour incubation period would be
acceptable for comparing or assessing any effect of the
tropic hormone in vitro.
117
Table A I-1 The body weight, testis weight and thyroid
weight of the experimental animals in the kinetic study
of in vitro TSH effect on hormonogenesis.
Thyroid wt.Time



























Fat free body weight.
11.87
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TAble A I-2 Xinetics of in vitro hormonogenesis in the snake thyroid gland.
Thyroid gland ChromatogramTime
125Iof 125I 5I(% of total)Distribution ofTreatment I uptaken vitroAmount ofIncubtaion
96 ter mtissue usec T4/T3DITMIT( hour. ) Iorigin
tissue(mg)
2.2718.96 40.88 31.8801.2124.9020.5Control
I 1+0.78 1.8211.98 45.4201.8017.0TSH 30.59
47.40 40.020 3.4l2.11 9.1727.0Control 56.86
2
45.86 4o.84 5.800.232.83 7.2826.0TSH 73.54
16.56 39.48 38.430.53 5.001.7640.5Control 71.24
4
4.6412.79 3 6.48 45.491.72 o.6160.19TSH 35.0
6e0547.962.83 0.78Control 35.639.5893.4233.0
6
0TSF 1.7161.69 5.155.35 35.66 53.8L36.0




6.56 56.31TSH 25.0 0.705.19
Control 19.0 6.15 54.740.9098.12 5.16 30.41 7.79
10
4.42 44.97TSH 20.0 88.31 0.57 11.137.26 36.61
Control 29.0 104.10 45.43 42.99 4.3303.59 7.26
12
TSH 107.69 0.1132.0 8.793.37 5.58 38.70 46.83
Control 17.0 11.82 62.59 21.030.3854.05 4.193.18
18
TSH 13.0 110.18 8.48 1.64 5.10 60.53 24.84 7.89
28.5Control 4.55155.97 0.785.47 16,93156.84 21.53
24
TSH 26.8 132.08 4.93 0.54 2.91 17.2054.80 24.60
129.65
119
Table A I-3 The body weight , testis weight , fat weight , thyroid weight and
thyroidal 125I uptake of experimental animals in the experiments of Table of Table A I-4.
No. of Thyroid gland
Body wt. Testis wt. Fat wt.
animals
Abs. wt. Relative wt. 125I uptake
( g ) ( g ) ( g ) ( gm ) (mg/100g B.wt.) in vivo
1 443 1.7 2.0 32.10 7.28 1.63
2 651 2.5 7.3 35.20 5.47 13.32
3 417 1.5 15.3 33.10 8.24 7.34
4 548 3.5 7.3 52.00 9.62 0.79
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Table A I-4 Kinetic study on the 125I-release of the snake thyroia glana:affect of
TSH on the in vitro release and the gI-iodoamino acid in medium gland.
TotalChromatojrram*
Thyroid Gl.Time of raaio-
Distribution of 7I (% of total)Treatment activity
release%incubation C apm)DITMITI-Origin T4/T 3
( hour)
2620019.47Med. 74.80 5.73Control 1 .70
1 6.9601.4518.55 3452.00TSH 73.04
6930.5815.01 1.0180.34Control 3.033.04
2
15.84 6.2743.56TSH 3.63 30330.693.40
4861.714.88 22.8769.92control 56 3.24
4
45.38 49829.92TSH 10.84 10.445.23 3.41
Control 80.11 18.25 0 0.82 0.82 12225.64
8
8,20 43.35 8651.16 12.49TSH 39.31 3.70
43.68Control 10.35 47.36 0.23 1.72 8707.01
16
22- 97 1.53TSH 13.81 16.85 2.1276.93 5180
Control 16.30 G1. 0.71 1.19 10.04 8596514.90 33.1 7
16











Fig. A I - 1 Kinetic study on the effect of bovine TSH on in vitro percent












Fig. A I - 2 Kinetic study on the effect of bovine TSH on in vitro percent













Fig. A I - 3 Distribution of 125I on the paper chromatogram of the snake thyroid
hydrolysates after an incubation of 12 hours. ( B-A-W descending system )
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Appendix A. II: Effect of. TSH Adminstration on in Vivo 125 i
Uptake and Hormonogenesis in the Snake Thyroid
Gland.
INTRODUCTION
Radioiodine technique is one of the most convenient
and accurate method in assessing the thyroid status and
metabolism of vertebrates. However, the radioactive isotopes
cannot be over-dosed, otherwise, the isotope itself especially
131 I would cause damage to the thyroid gland( Vickery 1971),
and increase the resistance of.the hydrolysis of thyroglobulin
( Kobayashi and Greer, 1973).
The radioiodine metabolism of the snake, Elaphe
taeniura had previous been examined( Wong et al., 1974).
There are however no data on the effect. of bTSH pre-treatment
on the in vivo thyroidal 125 I accumulation and hormonogenesis.
The present study examined the effect of bTSH on the 125 I




Seven mature male striped racers were purchased in
January of 1974. 4 snakes are ip.injected with 10 units
bovine TSH( Calbiochem.) day in 0.5 ml distilled water for
5 days. 3snakes are injected with equal volume of distilled
water as controls. On the 6th day, 40 Ci 125/I ( carrier
free, Amersham) in 0.2 ml 0.9% saline were injected into
each snake. The 1.251 uptake by the thyroid gland was assessed
daily as described by Wong et.al., (1974). Ten days after
injection of 125/I, the snake were sacrified, one control
snake died in the 7th day after the injection.% 125/I uptake
of the snake was measured, and the distribution of 125/I in




Thyroid activity in snakes pre-treated with TSH was
greatly enhanced as judged by the I- thyroidal accumulation
curve of the snake(. Fig. A II- 1) and the percent 125 I
uptake( Table A II-1) when compared with the control.
Analysis of thyroidal 1251- iodoamino acids( Table A 11-2
Fig. A II-2) showed that exogenous TSH exerts stimulatory
effects on the overall iodoamino acids biosynthesis. Moreover,
the pattern of distribution of labelled substances was modified
with TSH whereas there was no significant variation in 125 I
labelled T4 between the experimental and control animals,
the DIT/MIT ratio was increased to about 100%, indicating
an increase a decrease of DIT MIT respectively.
The thyroidal 1251 accumulation pattern in the normal
snakes agrees with that described earlier of the same species
( Wong et al 1974), and is similar to that of Ptylas( Chiu
and Wong, 1973) and Thamnophis( Chiu and Lynn, 1972).
There is no information on the pattern in TSH- treated snakes.
The pattern ovtained with the present study of TSH treated
Elaphe is, however, similar to those of lizards and turtle with
excgenous TSH( Lynn, 1970 Chiu and Philips, 1971a). Whereas,
an overall increase in all components of thyroid hormones
127
synthesis is observed under TSH, the enhancement on DIT/MIT
ratio indicates that the tropic hormone stimulate preferentially
DIT formation leading probably to increase thyroxine synthesis.
It is of interestto note that an increase in DIT fraction under
the influence of mammalian. TSH has been shown in the lizard
Calotes in the winter season( Thapliyal and Chandola, 1973).
To conclude, bovine TSH is effective in stimulating
the reptilian thyroid gland.
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Table A II-1 The body weight, thyroid weight, thyroidal 125/I uptaxe ana tieatiia
weight of the experimental animals
No. of
Body weight Thyroid gland Testis W
Treatment
( gram)*anaxe
Abs. wt. Relative wt.% 125/I uptaxe (g)
17.31 2.4467 41 9.91Control 3*
4 1.58 + 0.19TSH - 35.08=5.21496.50+53.03 28.23+6.88 5.49+0.96
treated
Fat free body weight
one died after 7 days.
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Table A II-2 Effect of TSH in vivo on 125I Iodoamino acids composition of the
Thyroid tissue.
Chromatogram*
Treatment Distribution of 125I ( % of total )
DIT : MIT
Origin I MIT DIT T4/T3 ratio
Control 1.58 3.09 44.27 29.07 17.52 0.66
TSH treatod 1.76 0.47 5.01 2.17 28.68 3.14 43.13 3.60 20.79 3.53 1.51








2 4 6 8 10 12
DAYS
Fig. A II-1 Effect of per-treatment with bovine TSH on
thyroidal accumulation of 125I in vivo . Pre-treated with
bovine TSH ( 4 snakes per sample ); □ Control ( 3 or 2










LENGTH OF CHROMATOGRAM ( cm )
Fig. A II-1 Distribution of 125I in the thyroid gland hydrolyates: Long term













LENGTH OF CHROMATOGRAM (cm)
Fig. A II-2 Distribution of 125I in the thyroid gland hydrolysates : Long term
effect of TSH on the in vivo hormonogenesis. ( Collidine-3N NH4OH ) descending system.
133
Appendix A III: The In Vitro Method
INTRODUCTION
The success in assessing the effect of TSH on thyroid
function by th: in vitro incubation method, depends on the
progress of the incubations( Taurog, 1974). Some of the
fundamental problems in the final analysis and interpretation
of data are: whether the iodine penetrates the follicles
by simple diffusion or by active transport, whether, radio-
iodide exchanges with the non-radioactive iodide in the hormone
formed in or released from the thyroid gland. Other than this.
factors as PH, temperature, and duration of incubation are
considered as controlling factors( Shimoda and Greer, 1964).
For example, phenol red, a universal PH indicator which is
added to the incubation-medium is reported to be inhibitory
to thyroid radioiodine uptake( Bottari a zj., 1963
Lague and van Tienhoven, 1969). Addition of bovine serum
albumen and antibiotics is probably essential for sucessful
prolonged incubation(. e.g. 48 hrs. incubation).
A series of experiments was performed to answer some
of the basic questions gevmane to the understanding of the
data obtained from the inbation system.
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MATERIALS AND METHODS
( i) In Vitro Thyroidal Radioiodine Uptake and Hormonogenesis by
Dead Thyroid Tissue.
Two thyroid glands dissected from recently dead
snakes( being dead for at least 4 hours) and three thyroid
glands were obtained from healthy snakes. They were sliced
and processed individually for incubation as described in
Part II. Both the 151 level of the thyroid tissue after
incubation, and the 1X51- labelled thyroid iodoamino acids,
were analyzed.(Table A:III-1).
(ii) In Vitro Thyroidal Radioiodine Uptake and Hormonogenesis
with prolonged incubation.
In March of 1974,.four male mature snakes were obtained
and the thyroid glands were prepared as described in Part II
for examination of the in vitro effect of TSH on 1251-uptake
and hormonogenesis( Table A III-2 ).The incubation time was
prolonged to 48 hrs instead of 12 hr. The incubation medium
was modified with the additon of the following constituents
to KRPG with 1251 20 Ci /5m1.
(i) 1 mg/ ml bovine serum albumin( Sigma Co.)
(ii) 1000 unit/ ml penicillin( Sigma Co.)
.(iii) 1 mg•/ ml streptomycin( Sigma Co.)




(i) Data obtained is show in Table A I. The radioiodine
level in the thyroid of dead snakes( 10%) was much lower
than that of the living control( 64.27%). Analysis showed
that the radioactive substances in dead snake thyroid tissue
consisted mainly of free iodide( about 50%). Labelled MIT
and DIT occured in approximately equal proportions while
labelled T4 was negligible when the thyroid tissue were expressed
by the Collidine- 3 N NH4OH system. Using the B-A-W system, T4
contained 6% of the radioiodide taken up this high figure was
ascribed to poor separation of DIT T4 in this particular
chromatographic run. However, in general the two solvent. systems
give fairly comparable results for the separation of thyroid'
hormones( See Appendix A IV).
(ii) Compared with the data obtained from 12 hours incubation,
no significant increase in 125I uptake is seen with prolonged
incubation of tissue( Table A III-2). This may be due to variation
between glands, amount of tissue used, the rate of discharge
of 125 I etc. However, the results suggest a tendency for 1251-
uptake to increase with time of incubation, and chromatographic
analysis showed there was an increase in 1251-T4 accompanied by
a decrease in free radioiodine in the tissue. There was also
an indication of increase labelling of DIT with prolonged
incubation no change was found in MIT.
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The increase in uptake of 125I by the thyroid slices, and in
labelled DIT and T4 with a concomitant decrease in I during
the course of incubation, strongly suggests that the in vitro
system is suitable for the study of thyroidal metabolism of
radioiodide.
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DTT:T4/T3:125 Distribution of 125I(% of total) MeanI up take in vitro
tissue usedSources MIT MIT+Radio-
(mg) per DITactivity% per mg.% DIT T4/T3MITI-Originincubation (cpm)tissue
Died
4.58
23.74 o.686 0.1596.38 64716.2948.990.19 Bsnakes' 9.9053.00
0.985 0.0060.2824.825.1756.64 506C 2.11
43.4215.291.01 B 1.10 5.4164.27 35.5Healthy 0.0698814 1.2262.73 3.o7** ±1.110.370.3118.16 1.49 2.143.30snakes
43.09C 0.77 17.26 5.4833.40
1.29
0.07275510.79±0.34 1.34 3,633.64
*Data from the mean of two snakes
*Mean S.E.M.
B for B-A-W system (Butanol: Acetic Acid: water 16:1:3 v/v)
C for Collidine-3N NH4QH system (Collidine-3N NH4OH 3:1 v/v)
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Table A III-2









125 I uptake in vitro
% % per mg
tisssue
Distribution of 125 I (% of total)












Data transfer fiou Table II-4
Data from four snakes
B for -Butanol-Acetic Acid-Water 16:1:3 v/v (B-A-W) solvent system















0.65 21.92 36.83 36.52 4.06
0.18 6.62 2.59 4.22 0.82
0.14 16.97 45.69 33.46 3.73
0.13 3.02 5.86 6.54 0.99
0.96 7.78 39.11 43.09 7.51
0.24 1.66 4.15 3.96 0.74
2.29 7.24 41.61 39.26 7.13










Appendix A IV: Chromatogram Separation and Solvent system
INTRODUCTION
In an earlier work on the determination of iodoaminoacids
composition of the rat thyroidal iodoprotein, Rosenberg and
La Roche( 1966) emphasized that certain precautions should
be taken in the routine experimental procedures. These include
1) enzymes used in hydrolysis, 2) length of hydrolysis and
3) freezing and thawing of the hydrolysates. Furthermore,
supernatants of the thyroid gland hydrolysates are reported
to have less iodothyronine. Inoue and Taurog( 1967) suggest
that the. goitrogen-- methimazole( MMI) as an additive to
the hydrolysates greatly reduces the de-iodination of iodoth-
yronines. As we could not get this goitrogen, 6n- Propyl-
2- thiouracil( PTU) at a concentration of 2.54 X 10-3 M
are added in order to minimize the thyroidal substance
de-iodination( Shimoda and Greer, 1964).
In reviewing the chromatographic techniques, Barker.( 1968)
suggested that in order to avoid overloading of the paper are
recommended in heavy load chromatograms. With all those pointed
taken into consideration, the present study examined the




Thyroid gland hydrolysates containing 125I-labelled
substances from Parts II III are developed with three
solvent systems, namely, the B-A-W system( n-butanol: acetic
acid: water 16:1:3 v/v) the Collidine-3 N NH4OH( collidine-
3 N NH4OH 3:1 v/v) and the B-A system( n- butanol saturated
with 2N NH4OH, upper layer). In order to avoid any de-iodinating
process, the gland hydrolysates were applied onto the
chromatographic papers within 1 hour of preparation. The
samples were developed in B-A-W descending system for 12 hrs,
Collidine- 3N NH OH*descending system for 24 hrs and Butanol-
Ammonium hydroxide system for 18 hrs.
The radioactivity of the various fractions of labelled
compounds in the chromatogram is by automatic gamma counter
as described previously by Wong gt al.,( 1974)
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RESULTS AND DISCUSSION
The patterns of chromatographic.separations of the
labelled compounds are shown in Figs. A IV- I to 5 & Tables
A IV 1 to 9.
The normal and poor separation, of labelled compounds
are demonstrated in Figs. A IV- 1, 2 3 and Figs. A IV- 4 & 5
respectively. There are possibilities not to have good agreement
between the systems on the relative concentration cf each of
thyroidal iodoamino acids. It is therefore essential that for
comparison of quantitative differences of any iodinate compound,
the same solvent system is used. Usually poor seperation in
the B-A-W system are-scarcely found, however, more severe at
times de-iodination occurs( Fig. A IV- 1). Poor separation
between the thyroxine and iodine section sometimes occurs in
the collidine- NH4OH system but less de-iodination are evidenced
in MIT, DIT fractions the Butanol-NH 4OH system and there is
sometimes poor separation between using I T4 section, this
is a suitable solvent system in separating T4 and T3.
(Fig. A IV 3).
In conclusion, with the.following precautions taken
care of:
1. Before applying to be chromatogram, the gland hydrolysates
must be shaken vigorously in order to get an approximate
evenly distributed suspension.
2.The amount of gland hydrolysate applied to the chromatogram
should preferably be 50 )ul.
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3. The chromatographic tank may better kept in a constant
dark room in order to obtain relevant development and
minimize de-iodination.
4. Spot-time procedure must be completed within a short
period, and greater amount of thyroidal substance can
be improved by applying in streaks other than increasing
size & pool of spots.
5. The paper chromatogram must be equillibrium in a suitable
atmosphere of the solvent for 3 - 4 hours.
Good, reliable and repeatable chromatographic sep-
arations can be obtained with the above solvent systems,
that of B-A-W in particular. More than one system should
always be desirable, as this proves to be a double check.
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Table A IV-1 Distribution of 125 I on the ohromatograms developed with Collidine-3N NH4OH








MITDITOrigin ( cpm )
1.685 107230.06520.37 4.1546.33 3.43 27.49 1.58 4.79 0.62Control 1.02 0.18
March ,74 2402043.82 4.68 6.73 1.50 10.73 1.39 0.641 0.0921.98 0.31 35.10 3.41TSH
52690.10 0.08 69.49 6.83 0.840 0.003Control 0.08 0.08 13.85 4.12 16.48 3.92
June
28.06 2.69 2.13 1.13 47.39 6.98 0.784 0.04321.99 4.51 70060.44 0.31TSH
1966345.00 3.10 6.91 1.62 6.53 1.53 0.819 0.084Control 4.09 0.51 36.86 3.28
September
6169012.30 2.08 0.754 0.236TSH 5.55 0.80 28.59 2.94 37.87 2.59 15.67 2.02
Control 1.01 0.26 46.71 2.80 1113435.37 5.04 9.88 1.34 7.02 1.61 1.321 0.120
January ,75
1.11 0.17 36.09 2.69TSH 2667138.56 4.08 19.01 1.30 9.22 5.49 0.936 0.255
*Mean SEM
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Table A IV-2 Distribution or 1 on tine chromatograms developed with B-A ascending
system of the experimental snake thyroid hydrolysates in part IIa.
Chromatogram
.125 MeanMonth of I(% of total)Distra_bution of
TrAntment T3 radioactivityT4Iorigin+MIT+DITthe Year
( cpm)
0 91+7680.28±4.11*19..68=4,10ControlJune






Chromatogram with poor seperation between I and T4 are demonstrated in total
radioactivity in Mean.±SEM of both I and T4 sections.
% are expressed in Mean ±SEM.
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Table A IV-3 Diatribution of 125 I on the Collidine-3N NH4OH descending system developed





Distribution of 125I (% of total )*














0.14 0.13 33.46 6.54 45.69 5.86 3.76 0.99 16.97 3.02 0.732 0.047 9834
0.16 0.12 31.43 4.41 53.49 5.60 4.86 0.84 10.99 4.15 0.588 0.057 8873
1.67 0.40 51.80 3.81 32.74 3.31 7.74 1.64 6.56 0.62 1.580 0.092 15511
1.46 0.37 51.13 3.84 34.89 4.09 8.90 0.66 3.62 0.32 1.465 0.103 27026
1.14 0.44 42.20 3.20 40.39 2.45 4.26 0.32 11.98 2.15 1.045 0.052 19386
1.80 0.250 51.01 2.90 30.94 2.49 5.44 1.39 11.07 0.90 1.649 0.066 18239
0.73 0.19 44.44 2.16 33.63 1.29 7.76 1.74 13.44 2.96 1.321 0.099 8563











Diatribution of 125 I on the B-A ascending system developed chromatograms
























Chromatograme with poor geperation between I- and T4 are expressed in their sum







7.34 0.50 6.70 1.16 0.37 0.30
11.02 1.16 7.64 0.72 0.48 0.24
14.25 2.06 5.33 1.17














Table AIV-5 Distribution of 125I on the collidine-3N NH4OH descending chromatogram of
the thyroid hydrolysates in experiments of part Ilia( Mean±SEM)
Tk/T3: TotalDIT:Chromatogram
radio-Month of MIT125_ MIT+DITI(% of total)Distribution ofTreatment activityratio
ratioIT4MITDITOrigin (cpm)the year
0.222 1172517.16±4.25 2.73±0.89 1.60847.57=4.74 29.59±2.62Control 2.94±1.03
May 1 74
4.33±3.31 2.275 0.317 393045.62±8.77 20.05±3.94 20.79±3.06TSH 9.39±2.80
1.19±0.25 1.209 0.303 35941Control 1.06±0.19 4.05±2.80 33.95±1.33 22.75±2.64
September
0.258 202964.65±1.37 56.41±2.67 14.98±0.99 1 X5.45±L ,.02 5.50±1.49 3.766TSH
0.441o.861 7503Control 0.40±0.12 31.69±3.1 3 36.81±1.32 30.20±3.00 0.89±0.21
ianuary
'75
0.46213949TSH 0.92±0.16 38.95±5.25 27.81±2.66 30.82±7.43 1.51±0.32 1.401
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Table AI-6 Distribution of 125I on the B-A ascending system aeveiopea cnrvwM6v6I Mu
of the thyroid hvdrolysates in the experiments of Part llla.( Mean 5I M)
Chromatogram*Month n MeanTreatment 125





11218Control 01.07±0.19 26.1721 .8472.78±1.74
septa
87.52±2.99 2.84-0.66 0TSH 56159.64-2.60
Control 1.59±0.61 23.61±0.22 074.16±1.55 9674
Jan.'75
TS 68.49±3.31 2.23±0.49 25.97±3.86 120690
Chromatogram with poor separation between I- and T4 are expressed in their
sum( Mean=SEM) of both of this two sections.
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Table A IV-7 Distribution of 125I on the collidine-3N NH4OH descending system developea
chromatogram of the thyroid hydrolysates in tine experimenLb vi rttiV LLLU
Chromatogram
DIT: T4 /T3: TotalMonth of
radio-Treatment Distribution of(% of total)
T4
MIT MIT+DIT
activiI-MITDITOriaibthe year 9ratio ratio
fpm I
921840.05±5.110.6,±0.24Control 24.74±5.25 1.42±0.35 0.817 0.33833.05±3.78March
'74 114281.18±4.44 42.82±4.63TSH 18.76±3.45 1.18±0.44 0.829 0.23935.50±2.21
Control 1.?7=0.17 42.17 2.31 1 93716,51±4,59 O59=0.26. .1.206 0.21335.37=3.51
May
TSH 2.25±0.61 48.07±2.80 12.38±2.12 1.29±0.72 1.335 0.1+736.00±2.89 1679
Control o.44=o.o6 29.16±4.82 36.02±5.19 32.28±2.32 1.79 0.38 0.810 0.L+95 38063
September
r TSH 0.36±0.12 23.84±3.80 2 66252.24±0.71 0.647 0.56136.75±7.30 33.98±3.31
Control 1.78±0.85. 29.8412.69 699229, 84=2.69 4.85:3.76 0,78338.12=2.47 0.365
January
5 TSH 1.98±0.69 44.93±4.99 22.71±2.2130.04±3.70 0.34±0.16 1.495 0.303 4736' 75
Mean ±SEM
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Table A IV-8 Distribution of 125I on the B-A ascending system developed chromatograms
of the snake thyroid gland nyaroiysates in experiments of Part Three-b
( Mean- SEM)
Chromatoararrt
Month of MeanDistributionof 125T(% of total)Treatment
the Year radioactivity
T3T4IOrigin+MIT+DIT lCDM)
May '74 0 71204.33o.86 17.86±3.95Control 77.80=3.66
639910.28±2.19 o.og±o.o884.o91.60TSH 5.33±0.83
September '74 0.16±0.14 5967569.82±3.61 2.32±0.57 28.1143.63Control
02.10±0.4160.15±4.06 31774TSH 37.77±3.96
January '75 102440.42-0.172.19±0.29 23.36±1.51Control 74.09±1.76
113871.28±0.35 22.17±2.24 0.45±0.34TSH 77.42±0.71
*Chromatogram developed with B-A ascending system for 18 hours
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Table A IV-9 Distribution of 125I on the chromatograms developea wizn an4vn
dAnnAndine system of the snake thyroid hydrolysates in the experimentib vi rmi. .Lv
section 2.( Mean ± SEM
Chromatogram Mean
Month Treatment of 125I I(% of total)Distribution radioactivity
IMIT TkDITOrigin ( cpm)
1.56±0.4813.13=3.87 72.35±8.5012.48±2,30 5966March Control 0.49=0.07
0.15±0.052028±0.361.27±0.61 95.65±1.00March Thiourea 0.79±0.38 3058
Thiourea
18.59±8.47 0.70±0,,506.35±1.18 .14160.22±0.13March+ TSH 74.11±9.86
46.85±6.02 4.01±o.64Sept. Control 0.97±0.15 28.68±4.83 7.78±1.47 23769
7.21 ±2.16Sept. Thiourea 0.40±C.14 28.60±3.79 8.52±1.0855.38±7.07 30889
Thiourea










LENGTH OF CHROMATOGRAM ( CM )
Fig. A IV-1 Paper chromatogram of the snake thyroid hydrolysates showing the
normal pattern of 125I distribution of I , MIT,DIT & T4 and their










LENGTH OF CHROMATOGRAM ( CM )
Fig.A IV-2 Paper chromatogram of the snake thyroid hydrolysates showing the
normal distribution of DIT, MIT, T4 and I and their relative
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Fig. A IV-3 Paper chromatogram of the snake thyroid hytrolysates showing the normal
distribution of MIT/DIT, I , T4 & T3 and their relative radioactivity.






5 10 15 20 25 30
T4
T3
LENGTH OF CHROMATOGRAM ( CM )
Fig. IV-4 Paper chromatogram of the snake thyroid hydrolysates showing the
distribution of MIT/DIT, T3 and with a poor separation between
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LENGTH OF CHROMATOGRAM ( CM )
Fig. A IV-5 Paper chromatogram of the snake thyroid hydrolysates showing the
distribution of DIT, MIT with a poor separation between T4 & I .
( Collidine-3N NH4OH system, the same sample as Fig. A IV-3 )
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